US007447949B2
a2 United States Patent (10) Patent No.: US 7.447,949 B2
Kikuchi et al. 45) Date of Patent: Nov. 4, 2008
(54) CODING SYSTEM AND DECODING SYSTEM (52) US.Cle oo 714/701
USING AN INPUT CODE STRING (58) Field of Classification Search ................. 714/701

See application file for complete search history.
(75) Inventors: Yoshihiro Kikuchi, Yokohama (JP);

Toshiaki Watanabe, Yokohama (JP); (56) References Cited
Kenshi Dachiku, Kawasaki (JP); US PATENT DOCUMENTS
Takeshi Chujoh, Tokyo-To (JP); o
Takeshi Nagai, Tokyo-To (JP) 4,276,544 A 6/1981 linuma
(73) Assignee: Kabushiki Kaisha Toshiba, (Continued)
Kawasaki-shi (JP) FOREIGN PATENT DOCUMENTS
( *) Notice: Subject to any disclaimer, the term of this EP 0602621 A2  6/1994
patent 1s extended or adjusted under 35 Continued
U.S.C. 154(b) by 0 days. (Continued)
OTHER PUBLICATIONS
(21) Appl. No.: 11/584,547
Watanabe et al., “Error Resilient Low-bitrate Video Coding for
(22) Filed: Oct. 23, 2006 MPEG4,” Technical Reprot of IEICE (1996), 95:37-44.
(65) Prior Publication Data (Continued)
Primary Examiner—Stephen M. Baker
US 2007/0094575 Al Apr. 26, 2007 e P
PE- <. (74) Attorney, Agent, or Firm—Finnegan, Henderson,
Related U.S. Application Data Farabow, Garrett & Dunner, L.L.P.
(63) Continuation of application No. 11/127,203, filed on (57) ABSTRACT

May 12, 2005, which 1s a continuation of application
No. 10/023,851, filed on Dec. 21, 2001, now Pat. No. In a coding system wherein an error correction/detection

6,918,080, which 1s a continuation of application No. coding is combined with a synchronization recovering tech-
09/142,871, filed as application No. PCT/JP97/00864 nique using a synchronization code, the problems of a pseudo

on Mar. 18, 1997, now Pat. No. 6,571,361, which is a synchronization and a step out due to error detection are
continuation-in-part ol application No. 08/720,067, solved. There 1s provided a coding part for coding an 1nput
filed on Sep. 27, 1996, now Pat. No. 5,862,153. multiplexed code string to an error correcting/detecting code
comprising an information bit and a check bit, and code string

(30) Foreign Application Priority Data assembling part for inserting a synchronization code 1into any
Sep. 29,1995 (IP)  cooooovvveeeccerer 1995/276993  ©oneolaplurality of periodically predetermined synchroniza-
Mar. 18,1996 (JP) oo 1996/61450 tion code inserting positions in the code string , for arranging
Tun. 24,1996 (JP) oo 1996/163082  the information bit at an optional position in the code string,
Sep. 2,1996  (JP) oo 1996/232362 ~ and lfor arranging the check bit at a position other than the
Sep. 13,1996 (IP) oo 1996/243883  Synchronization code inserting positions in the code string to

assemble an output code string.

(51) Int.CL
HO4N 5/08 (2006.01) 11 Claims, 33 Drawing Sheets

STUFF

KXXXXXX’O'I 11 1| 000000000000000000000000000000000°1

T

3101 SYNCHRONIZATION CODE
L ~ ok [NSERTING POSITION
3102 : SYNCHRONIZATION CODE
FORWARD 0
DECODING ] : ERROR
. -{—" -: ERROR
3104 <103,

+ DECODING



US 7,447,949 B2

Page 2
U.S. PATENT DOCUMENTS JP 7-38857 2/1995
JP 7-235879 /1995
4,292,655 A 9/1981 Carasso et al. TP 63-737%6 4/1908
4,394,774 A 7/1983 Widergren et al.
4414677 A * 11/1983 Iveetal. ..ccoeevennenn....... 375/366 OTHER PUBLICATIONS
4,580,162 A 4/1986 Morl _ . . .
4.6R80.766 A 7/1987 Wilkinson Chuyoh et al., “Error tolerant very low bitrate video coding
43827 j339 A 5/1080 Wada et al. (2)—Duplicate transmission for important information and revers-
4j935j766 A 1/1991 Morrison et al. ible code,” Annual Meeting of IEICE (1996), p. 12.
43935j753 A 1/1991 Sugiyama Notification of Reason for Rejection 1ssued by the Japanese Patent
53;171127 A 5/1992 Miyake et al. Office, dated Apr. 27, 2004, for Japanese Patent Application No.
55 l21j205 A 6/1992 Ng et al. 8-243883, and English-language translation thereof.
55;6833 56 A 12/1992 Acampora et al. International Search Report mailed Jun. 17, 1997.
53203jg 16 A 5/1993 Seshardi et al. Verbiest, W. et al., “A Variable Bit Rate Video Codec for Asynchro-
5:218:622 A 6/1993 TFazel et al. nous Transfer Mode Networks”, IEE Journal on Selected Areas in
579790325 A 6/1993 Ackland et al. Communications, vol. 7, No. 5, Jun. 1989, pp. 761-770.
532233023 A *  7/1993 Cucchietal . 370/397 Bae I. et al., “Survey of Traffic Control Schemes and Protocols in
53247j3 57 A 0/1993 TIsraclsen ATM Networks™, Proceedings of the IEEE, vol. 79, No. 2, Feb. 1991,
5,260,783 A * 11/1993 DIXit +oevvvevereerenn, 375/240.13  Pp. 170-139. | | |
5,285.497 A 2/1994 Thatcher, Jr. Kinoshita, T. et al., “Variable-Bit-Rate HDTV CODEC with ATM-
5313.203 A 5/1994 Suu et al. Cell-Loss Compensation”, IEEE Transactions on Circuits and Sys-
5j321ﬁ440 A 6/1994 Yanagihara et al. tems for Video Technology, vol. 3, No. 3, Jun. 1993, pp. 230-237.
5"355’379 A 10/1994 Hobson et al. Ghanbar M. et al., “Packing Coded Video Signals into ATM Cells”,
5"3791 16 A 1/1995 Wada et al. IEEE/ACM Transactions on Networking, vol. 1, No. 5, Oct. 1993, pp.
5,386,233 A 1/1995 Keith 505-509. |
5412484 A 5/1995 Yoshikawa Lei, S., “Forward Error Correction Codes for MPEG2 over ATM”,
5"4 16j787 A 5/1995 Kodama et al. IEEE Transactions on Circuits and Systems for Video Technology,
5,420,640 A 5/1995 Munich et al. vol. 4, No. 2, Apr. 1994, pp. 200-203. | |
5440345 A 2/1995 Shimoda Akiyama, T. et al., “MPEG2 Video Codec using Image Compression
5442390 A * 8/1995 Hooperetal. ............... 795/90) DSP”, IEEE Transactions on Consumer Flectronics, vol. 40, No. 3,
5444490 A 8/1995 de With et al. Aug. 1994, pp. 466-472. |
5.446.839 A R/1995 Dea et al. Takishimay. et al., “Reversible Variable Length Codes”, IEEE Trans-
5452006 A 0/1995 Auld actions on Communications, vol. 43, No. 2/3/4, Feb./Mar./Apr. 1995,
5,533,021 A * 7/1996 Branstad et al. ............ 370/396  Pp. 158-162. | |
5,546,399 A * 8/1996 Shimoda ........c..ceun...... 370/474 Aign, S. et al., “Temporal & Spatial Error Concealment Techniques
5,561,791 A * 10/1996 Mendelson et al. ......... 709/233  for Hierarchical MPEG-2 Video Codec”, ICC ’95, Jun. 1995, pp.
5.566,192 A 10/1996 Moon 1778-1783. |
556%.140 A 10/1996 TImanishi et al. Hanna, C. et al., “Demultiplexer IC for MPEG2 Transport Streams”,
535703;32 A 10/1996 De With et al. IEEE Transactions on Consumer Electronics, vol. 41, No. 3, Aug.
5592,518 A 1/1997 Davis et al. 1995, pp. 699-706. | .
5,612,979 A 3/1997 Takano Aign, S., “Error Concealment Enhancement by Using the Reliability
5,627.845 A 5/1997 Asano et al. Outputs of SOVA in MPEG-2 Video Decoder”, ISSSE *95, Oct. 1995,
5,668,810 A 0/1997 Cannella, Jr. pp. 59-62.
5,745,504 A 4/1998 Bang European Search Report dated Mar. 5, 2008 for European Patent
5,757,416 A 5/1998 Birch et al. Application 06023632.0—1237.
57679012 A 6/1998 Bunting et al. European Search Report dated Mar. 5, 2008 for European Patent
5,835,144 A 11/1998 Matsumura et al. Application 06023631.2—1237.
5,862,153 A 1/1999 Kikuchi et al. European Search Report dated Mar. 5, 2008 for European Patent
5,884,269 A 3/1999 Cellier et al. Application 06023617.1—1237.
6,014,171 A 1/2000 Koyanagi et al. Furopean Search Report dated Mar. 5, 2008 for Furopean Patent
6,571,361 Bl 5/2003 Kikuchi et al. Application 06023616.3—1237.
6.823.484 B2  11/2004 Kikuchi et al. FEuropean Search Report dated Mar. 5, 2008 for Furopean Patent
6,918,080 B2  7/2005 Kikuchi et al. Application 06023621.3—1237.
7,051,247 B2 5/2006 Kikuchi et al. FEuropean Search Report dated Mar. 5, 2008 for Furopean Patent
2005/0229078 Al  10/2005 Kikuchi et al. Application 06023634.6—1237.
2006/0206786 Al 0/2006 Kikuchi et al. European Search Report dated Mar. 5, 2008 for European Patent
2007/0061679 A1 3/2007 Kikuchi et al. Application 06023620.5—1237.
2007/0094575 Al 4/2007 Kikuchi et al. European Search Report dated Mar. 5, 2008 for European Patent
2007/0094576 A1 4/2007 Kikuchi et al. Application 06023630.4—1237.
2007/0094577 Al 4/2007 Kikuchi et al. FEuropean Search Report dated Mar. 5, 2008 for European Patent
2007/0094578 Al 4/2007 Kikuchi et al. Application 06023633.8—1237.

FOREIGN PATENT DOCUMENTS

0651 584 A2
3-198432
3-250935
6-343065

EP

< o

5/1995
8/1991
11/1991
12/1994

European Search Report dated Mar. 5, 2008 for European Patent
Application 06023629.6—1237.

Section 1: Systems-Introduction XP 002034584, pp. 1-57, 1992.
Wai-Man Lam, *“Self-Synchronizing Variable-Length Codes For
Image Transmission”, pp. I11-477-111-480, Mar. 23, 1992.

* cited by examiner



W=

US 7,447,949 B2

£0cl 201 1 .
m TVNSIS 1S3ND3Y or)
z NOISY3SNI 3009 0Ll 501
3 NOILYZINOYHINAS
7 G0ZC _
207 D IN
LINN X E
. ONIY¥IS | SNIOD N 801
S 3000 LNd1no | 1Nd1No WNOIS | 1y AN RN
Q ONIAILNIQS
N AN 934
O -
i 102 il L el
\.
o
ONINLS 3009 420 \o
00¢ 901 GOl P01 €0l

U.S. Patent

LEL



U.S. Patent Nov. 4, 2008 Sheet 2 of 33 US 7,447,949 B2

i
)
- O
A O
v
>
= S
N
N Li_
-
P
N
o
A T
O
—
o
)

PSC



US 7,447,949 B2

Sheet 3 of 33

Nov. 4, 2008

U.S. Patent

GOc

SONIYLS
33000 1Ndino

-.__..-.--—-_-——_——--——-—-—-ﬁ----------------'—ﬂ

-— ek e M M WE Wm s SN B SR mm Gk Em G R AR Er S Wk EE W S Sm mm AR AR W wm Er e mr we A R EE S @ e W R e W ™ TR o W W W

€12

ONINBNISSY 18Vvd
ONIYLS ONIGOONI L7 )
ONIHOLIMS "
NOI193130 ”
/ NOILDIHHOD 1IN “
d0dd3 ONILYIASNI "
22 Lig !
AR "
12C

00z "~

£0C

N

AVYNOIS 1L53N03H
NOISH3SNI 3400

NOILVZINOHHONAS
c0C

TYNOIS

ONIAZILNIA

10C ANIX 034
S~

ONIYLS 340D



U.S. Patent Nov. 4, 2008 Sheet 4 of 33 US 7,447,949 B2

|

IIIIIIIIIIIIIIIII P I
V Vv V S
C

O I X ©

N e I T T B

OO wuw
O I X W

|

INFOB

|

O L X <t

INFOS

|

SONONIINTE

INFO4
FIG. 4

|

O I X m

|

INFO3

O ILLY

2 0O 0w

O I X «—
=2 00w

|

i

INFO2

= O 0w

=2 00w

INFO1

Sync period BIT

P
S
C



U.S. Patent Nov. 4, 2008 Sheet 5 of 33 US 7,447,949 B2

0000000C0000000001TXXXXX

Sync_0_len BIT Sync_nb_len BIT
212

222 631
! CORRECTION/
! DETECTION
| ENCODER
: 632
I LATCH

202 R

203



@\

e

9 -

=y /. 9l

4

<t

o~ T "

7P, .

- ” ”
“ 122 m
” v / 1L ”
" HIINNOD O ”

o " _ ”

S ” N 431I081INOD "

,,,_w ” HOLIMS "

i ” "

% " 50. .
: Aeyi "
" 20l ”

® " m

& " _

< " ”

m _ .

& } \

2 “

d344Ng
A2 "

GOc

U.S. Patent

€0¢

e



US 7,447,949 B2

078 108 08
. .
= IVNOIS
= E E an NOILO3130 ¥Ouy3
= ~ c08
0oLg ¢V¥8 IVYNOIS
X | NOILD3L3A 3009
o N | NOILVZINOYHONAS
m N ¢08
< 4% Q TYNOIS
x 0g ONIAILNIAI
S aNIY D34

ONIH1S 30090

0S8
608 808 208 1€8 908 I8

118

U.S. Patent

1INM

ONIAOD3A
LNdNI

008

S0¢



@\
aa
) ‘
=y o 9l
I~
4
< [~ = = e e e e e m mm et e e, e e m e E e m . e M. T m e mm e — e — .
I~ ' '
% " "
- " £06 “
c08 ¢ “
708 , _
" 43300230 “
H3IANT10S 3 :
> " 43IAOWIY HOYY3 "
= _ 118 _
7 108 . G16 "
. m “
m _ |
3] ” HILNNOD “
g _ .
S _ O N _
- ' |
“ m
” ___

o ¥310313Q
) NOILVZINOHHONAS
. 106

I =gy A I S W W Sy e A W T Wl

U.S. Patent
=

GOc



US 7,447,949 B2

Sheet 9 of 33

Nov. 4, 2008

U.S. Patent

dE s s A A

_-_---—-----—---_—-----_---_ﬁ----------

l'll'llll'llll‘lllli-'-'I_.'_l.ll_l_lI_III‘ll'llll_II"II-I"I.‘II‘IIII'IIIlll"lIlll'l

€001
€16 120l

cl6 9001 CO0L . 70C
€20}
43LINNOD
HOLVYHYdWOD O i
[ﬂ i
P E— G101 08
]
ml
d3TIOYULNOD . LINN LNd1NO ____ __ HOLY _
NOILYWHOANI 934 _
1001 “
8001 <08
L6 "
B A A L6



U.S. Patent Nov. 4, 2008 Sheet 10 of 33 US 7,447,949 B2

w woO N

w woO

w u O oy

1104

E
C
1
FIG. 11

HEADER(4)

w1 QO -

w O «~

1103

HEADER(S)

w w O o

w woO o

uw W o

1102

HEADER(2)

w WO «~

W WO «—

1101

HEADER(1)



U.S. Patent Nov. 4, 2008 Sheet 11 of 33 US 7,447,949 B2

"sync-0-len"BIT

(a) X10 0 0 -----ccommmcomomoome 0 0:1 X

(b) 0,0 0 -----r---=------mm---moo 0 0 1'X X

(c) X, X 00 0 --------- f ------------ 0;0 1
BIT IS ELIMINATED

(d) Xi0 0 0-----mmmmmmmmmm o aam o 0 0 1.X X

(e) X:O 0 0 ---=----- 1" """ T--------~=--- 0:0 1

BIT IS ADDED

SYNCHRONIZATION CODE DETECTION
WINDOW OF "sync-O-len+2"BIT

FIG.12



el Old

US 7,447,949 B2

(119 Z=0u-L+pPINE) Lo 40 HIAGWNN SONILNNOD
119 Q3143SNI ¥0O4 Z=u NOIO3

Sheet 12 of 33

Nov. 4, 2008

c I 0OLL OL 68 L9 SVETL O LL O

RIN €-1-U3] 92UAg R h

PIN pouad 2uAg

U.S. Patent

0000 0000l DOLOLODO O b -

ONIYLS 1I8

pouad 2uAs
pow u3| |e}o}

(Q)

(e)



il 9l4

US 7,447,949 B2

O LO O LI+ 0O0000CO0CO0O0O0(L O

off

ol

S 118 | 340439 Q3ILJIHS

= Lo+ 0 0 +(HDOOODODO0DODODO O}
= sod | sy

? Z L OLLOL68LY9SPEZL O LLOL
&

Z

‘lllIIIIIIIIIIIIII'IIIIIIIIIII.IIII-‘

3000 NOILVZINOYHONAS ONININY3130 Y04 NOI193Y

/ ONILSIX3 300D \

118 PIN NOILVZINO¥HONAS 18 PIN
1934400 40 NOIOIX

U.S. Patent

ONIYLS 118 1234H0D

3000 NOILVZINOYHONAS

ONIYLS 118 J3AI303d

pol Jad 2JuAs
pow u3| |ejo)

(9)

(Q)

(e)



U.S. Patent Nov. 4, 2008 Sheet 14 of 33 US 7,447,949 B2

OLXAQOQ
0 O—Zwa

OIX o

NF-OuWWw

OO Wwuw
OI XY

INFOB6

O I X «

INFOS

O 0O Wwuw

OILXm

INFO3

OILY N

O 1 X «~

INFO2

INFO1

e ) Y
INFO4
FIG. 15

Sync period BIT

IRy M :
vk v V >

-
H

OII X0

P
7
N
T
E
R

p
S
C



U.S. Patent Nov. 4, 2008 Sheet 15 of 33 US 7,447,949 B2

OILX 0O

nO—ZHu

a o

OI X

INFOB

OI Y w

OL X <

OO wWw w

FIG. 16

INFO4

OIXY m

INFOS '

INFO3

O 1L X N

N

INFO2

O X «~
= 00w

= O 0w
< O 0w

INFO1

P M M M
H V V V

Sync period BIT

P
S
C

O 1 X Q

0 0—ZFuwk
a n o



U.S. Patent Nov. 4, 2008 Sheet 16 of 33 US 7,447,949 B2

OILXAOQO

0NO—Zuw

INFOG6

O XL X un

O X «

INFOS

O

MO g
v |E >
F

OLYXY m

O I X ¢\

INFO3

O L X «~

INFO2

INFO1

————— ey e
_ INFO4
FIG. 17

Sync period BIT
P M M
H V V

O
S
C



]
o
9 ®
X 8l 9IS
I~
<
4_-.;
I~
7P,
-
-
5 o ¢0l L0
= oLl
” €02 o0}
= |.l3> E 80}
= =0¢ TWNOIS 1S3N03Y l .
< NOISHISNI 3002
2 ONINLS NOILYZINOMHONAS m H L0}
g 3009 1NdING "
10¢ €El
A
NS 3003 o | e (-
00¢ L1} 901 GOl 140]0 €0l LE L

U.S. Patent



US 7,447,949 B2

Sheet 18 of 33

Nov. 4, 2008

U.S. Patent

G0C

cccl
d¥3LNNOD DO

d3T10OHLINOD

N HO1IMS

10LI

FOLL G0LI

r-------'----

£0c



U.S. Patent Nov. 4, 2008 Sheet 19 of 33 US 7,447,949 B2

V- 2wl

P

C
M| M M | O P
H V|V V |E S
FIG. 20

Sync period BIT
P
S
C



US 7,447,949 B2

m 0c8 108
w o e
7

018 ¢cv8

Nov. 4, 2008

ct8
O T
068
608 808 L08 908
lE8 \pg LI

U.S. Patent

0 =22 X

8

€08

IWNOIS |
NOILD313a 33a0D
NOILVZINOYHONAS | ©NIGOO3d

108
ONIY1S 300D

008

G0¢



US 7,447,949 B2

Sheet 21 of 33

Nov. 4, 2008

U.S. Patent

108

£08

-*--—_-—---------"_---‘-‘-"_‘_----ﬁ-----—-

¢¢ 9l
c061 ”
¥3LNNOD
: m
O .”
116} ”
¥0.19313a "
ey NOILVZINOYHONAS ”

GQ0C



US 7,447,949 B2

m : "

" J3LNNOD 0 "

" NAA) "

“ N _

% ! "
- " 43 1T0HLINOD _
~ _ HOLIMS ”
o “ _
@ m 1OL} "
p : ‘
“ vOLI GOL} m

= " i "
& " "
< “ “
k " . 222 m
1NN |

ONILHY3SNI

G0Z 118

|
l
i
'
'
|
|
i
|
}
-

U.S. Patent

£0c



US 7,447,949 B2

Sheet 23 of 33

Nov. 4, 2008

U.S. Patent

108

£08

- S e P EE e = o e e Em] B e o e e e e e e Sm e e e am - -

d3IAON3Y

118

d3.L43SNI c0bV
2 ,m_‘

d31NNOD
D N

40193130
061 | NOUVZINOHHONAS

LINM ONIGOD30 1NdNI

G0c



@\
aa .
o G¢ 9l
S\
™~
4
4.-...,.
™~
S
- (9)
118 Q3LH3SNI 118 a3la3sNi
...xxxxOooo_‘ooooPoooo@ .................. xxxxOooooooooooooo/NoWV
e
er,
Coje
&
.4
&
= 118, L-u3l- 0 -2uig 118 ., L-uUdj-0-duAg
=
s 9,
* (e)
—
&
D)
>
&
z

a o O
W 2WwILL
OO wuw
OO Wwuw
SNONITRIN

o 1
a v O

d g g g
S S S S

U.S. Patent



U.S. Patent Nov. 4, 2008 Sheet 25 of 33 US 7,447,949 B2

304 305
IIIIHHII' IIHH%%HII

FIG. 26

302 303

301
PSC



US 7,447,949 B2

Sheet 26 of 33

Nov. 4, 2008

U.S. Patent

_ LC 9Ol
. Y Y
Wi w3 E1. Wi U
m?ﬂ&a = M M S 4 Wy 2 ¢ MW S|3nwy4( (@)
= |7 |old = | 19|d
L Q. Qa
| 027025 o2
€04 G0.2
- . 2 L 3
} +U — SN = |V }-u
INVYA g[S ° Y ANV < ¢15(Sianvya| (a)
L LL d
| oi
€0.LC c0Le! v0LC
W | L - 0 W N N = _
_m+c IMH W- <w 4 L _.._M._1<U L-U
INVYS = S[PH| Y 3INVYd H| u 3nwvdd Hl u awwad [H|S | S &(alS (e)
om m dln " 3 NE M_M.nwn_mz,qm“_
L

ﬁ 1042
€042 g0lz| v0LZ

119 pouad-ouAs —- -~



U.S. Patent Nov. 4, 2008 Sheet 27 of 33 US 7,447,949 B2

SESSION LAYER
(Session Layer)

QeI e

(a)

PICTURE LAYER
(Picture Layer)

OB Layer

oo 1

(b)

GOB LAYER
(GOB Layer)

. MB Layer l

(c)

MACRO-BLOCK LAYER
(MB Layer)

rw ey
(d)

FIG.28



U.S. Patent Nov. 4, 2008 Sheet 28 of 33 US 7,447,949 B2

a un o
Wik-ouwuw

|

D Owul

FIG. 29

S
TG G
Ul S S
F|C C
F

a v O
Wik Ouwuw

S
S
C



U.S. Patent Nov. 4, 2008 Sheet 29 of 33 US 7,447,949 B2

0O 1
0 1 00
011 010
0111 0110
01111 01110
01111 1 011110
0111111 0111110
O1111111 01111110
(a) (b)
F1(G.30
STUFF
3101 | SYNCHRONIZATION CODE
Lok INSERTING POSITION
3102 SYNCHRONIZATION CODE
FORWARD o
DECODING ; ERROR
T . ERROR
3104 3103
g ' BACKWARD
" DECODING

FIG.31



US 7,447,949 B2

Sheet 30 of 33

Nov. 4, 2008

U.S. Patent

10000000OHOOO0O00000000000

¢t Old

LLLLLLLLD

300 ONIZINOHHONAS

100000000000000000000000

LI LELLLLEQ

3000 NOILVZINOYHONAS

3000 NOILVZINOYHONAS . - .
0dN3Sd

L00000000000000000000000

_I_IIII_III_'IIIIIII-III--II--I-"II'II_I-II

000000001

3000 ONIZINOYHONAS 44048

XXXXXX (Z-9)

XXXXXX (1-9)

XXXXXX (}-B)

XXXXXX (g-e)



ce Dl

US 7,447,949 B2

(q)
9 TVAMILNI , § ._<>mm__.z_ 07 LI
" ', €=lU ¢ IVAM3LINL 3009 LNdLNO
m cLLE ” E=lU € IYANILINI
3000 NOILVZINOYHONAS ¢ 34N1S l=iU 2 TVAMIINI ,

' _
' _

) ! {

! ! i (" )
| | |

| i |

™, " 45U L TYANELNL
= 1000000 00000000 00000000 |EEtriirt, 00000400:00000000 0060000 00000000 00000000 ' L6LiL0LL"
— ) _ . ) ) _ i i { \
ol

5 |

m el Ut
¥ »,

v o

= (B) G0z Li8
< . CEIU pOIWWANIINL 3002 1NdLNO
. - .

= =1U_ € WVANIINI _,.

z _ _

__0=IU_ Z TYAHILNI

/@on | ' J=lu ] .~<>w_m_._.2_
L0000000 00000000 00000000 mcoo—oo co"ooocoo 01000000 _cc”cocccc "ooocccoo __._.__._._‘o:._‘

[ A T

HOEL (8=)pouad ouAg AN
NOILISOd ONILYISNI 300D NOILVZINOYHONAS

dA0D NOILVZINOYHONAS  34N1S

U.S. Patent



U.S. Patent Nov. 4, 2008 Sheet 32 of 33 US 7,447,949 B2

SSC 00000000 00000000 00000007 00010101

SEC 00000000 00000000 00000001 00101010
PSC 00000000 00000000 00000001 00000000

GSC 00000000 00000000 1

(a)

l j l 3411 I 3414 l
PSC 00000000 00000000 000000;)-&) 60000000

GSC ooooooog) 00000000 oo_ooooo 2400
3413
GSC 3412

3401

(b)

F1G.34



U.S. Patent Nov. 4, 2008 Sheet 33 of 33 US 7,447,949 B2

----------------------- 12
% m _.-:-'%;# %

3251
L) |
1
l—\L_\NSI

Nsi
FIG. 35

—
” O
—
- 3
O
N
)
—
- S
-
N
)
N ™
'Y
™




US 7,447,949 B2

1

CODING SYSTEM AND DECODING SYSTEM
USING AN INPUT CODE STRING

This 1s a continuation of application Ser. No. 11/127,203,
filed May 12, 2005, which 1s a continuation application of
U.S. patent application Ser. No. 10/023,851, filed Dec. 21,
2001 (mow U.S. Pat. No. 6,918,080, 1ssued Jul. 12, 2005),
which 1s a continuation application of U.S. patent application
Ser. No. 09/142.,871, filed Sep. 16, 1998 (now U.S. Pat. No.
6,571,361, 1ssued May 27, 2003), which 1s a National Stage of
International Application No. PCT/IP97/00864 under 35
U.S.C. 371, filed Mar. 18, 1997, which 1s a continuation-in-
part of U.S. patent application Ser. No. 08/720,067, filed Sep.
27,1996 (now U.S. Pat. No. 5,862,153, 1ssued Jan. 19, 1999)

all of which are incorporated herein by reference.

TECHNICAL FIELD

The present mvention relates generally to a system for
transmitting and/or storing information via a medium of a
high error rate, such as a radio transmission line. More spe-
cifically, the invention relates to a coding and/or decoding
system suited to carry out the error correction/detection cod-
ing ol a compressed code string obtained by the high eifi-
ciency compression coding to transmit and/or store the com-
pressed code string.

BACKGROUND ART

For example, 1n a system for carrying out the high-efficient
compression coding of a picture and/or voice mformation so
as to have a small information content to transmit the com-
pression-coded picture and/or voice information via a radio
transmission line, such as a radio visual telephone, a portable
information terminal and a digital television broadcast sys-
tem, 1t 1s important how to transmit the obtained code string,
with a high quality since the transmission line has a high error
rate.

In a case where a code string 1s transmitted and/or stored
via such a medium of a high error rate, an error correcting,
code, such as a Bose-Chaudhuri-Hocquenghem (BCH) code,
a Recommended Standard (RS) code and a convolutional
code, 1s often used as means for reducing the error rate. In
addition, an error correcting code, such as a check sum and a
cyclic redundancy check (CRC), 1s used as means for
enabling the error correction on the recerving side. The alore-
mentioned error correction and/or error detection adds exces-
stve bits (redundancy) to the transmitted and/or stored infor-
mation 1n accordance with a predetermined rule to examine
whether the transmitted and/or stored code string obeys the
rule during decoding, to carry out the error correction/detec-
tion on the basis of the results.

However, in such a method for coding a code string
obtained by a high-efficiency compression coding into error
correcting/detecting codes to transmit and/or store the codes,
there 1s a disadvantage 1n that 1t 1s difficult to be combined
with a synchronous recovering technique for recovering a
step out caused by a code word error in the transmission
line/medium. As a synchronous recovering technique, a
method for inserting a uniformly decodable code called a
synchronization code to resume the decoding immediately
after the synchronization code i1s detected when a step out
occurs 1s often used.

In order to make a uniformly decodable code word of the
synchronization code, the code word must be combined with
another code word so as not to form the same bit pattern as the
synchronization code. However, 1n an error correction-/de-
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tection coding, 1t 1s generally difficult to form a code word so
as to prevent a certain bit pattern from occurring. When the
same bit pattern as the synchronization code occurs, a pseudo
synchronization may be caused by the error detection of the
synchronization code.

In order to avoid this problem, there i1s used a method for
preventing the pseudo synchronization by determiming
whether the same bit pattern as the synchronization code
ex1sts 1n the code string after performing the error correction/
detection coding, inserting a dummy bit into the bit pattern 1n
accordance with a certain rule when the same bit pattern
exists, and deleting the dummy bit 1 the same rule 1n a
decoding system. However, 1n a case where the code string 1s
transmitted and/or stored via a medium 1n which errors are
easy to occur, errors may occur in the inserted bit, so that there
1s a problem 1n that a new step out or a new pseudo synchro-
nization may occur.

In addition, 1n a case where the error correction/detection
coding of a code string 1s carried out to isert a synchroniza-
tion code, there 1s also a problem 1n that the coding efficiency
1s lowered since 1t 1s required to add many inserted bits to the
code string 1n order to compensate an excess of information
bits, for which the error detection and/or detection coding 1s
to be carried out, at the end portion of a synchromzation
interval between the adjacent synchronization codes.

On the other hand, 1n order to enhance the error correcting/
detecting capability, the redundancy of the transmitted and/or
stored information may be enhanced. However, 11 the redun-
dancy 1s enhanced, the number of bits required to transmait the
same 1information 1s increased. Theretore, i1f the error correct-
ing/detecting capability 1s enhanced, it 1s required to provide
a transmission line of a higher transmission rate, or the num-
ber of bits of information to be stored 1s increased. In addition,
if the transmission rate and the stored capacity are the same,
the amount of information, which can be transmitted and/or
stored, 1s decreased as the redundancy 1s enhanced. In a case
where a picture and/or voice information 1s high-etficiently
compression-coded to be transmitted and/or stored, in order
to add the redundancy to improve the error resistance, the
compression coding into a smaller amount of information
must be carried out 1 the transmission and/or storage rate 1s
the same, so that the picture quality and sound quality are
lowered.

Therefore, as amethod for providing a smaller redundancy
and a high error resistance, there 1s a method called hierar-
chical coding. This 1s a method for enhancing the error resis-
tance using the same means redundancy 1n comparison with
when the same error correcting/detecting code 1s used, by
classitying the high-efficiency compression-coded informa-
tion 1n accordance with the magnitude of errors intluencing
the picture quality and the sound quality, using an error cor-
recting/detecting code of a higher error correction/detection
capacity while having a high redundancy, for information
under a great influence of the error, and using an error cor-
recting/detecting code of a less redundancy while having not
so high error correction/detection capacity, for information
which 1s not so greatly influenced by the error.

For example, in a coding system, which 1s formed by
combining the motion-compensated prediction with the
orthogonal transform and which 1s often used for the high-
elficiency compression coding of a dynamic image, 1.€., 1n a
system  for motion-compensation predicting an 1nput
dynamic image signal to orthogonal transform its prediction
residue by a DCT (discrete cosine transiorm) or the like, the
error correcting/detecting codes of a high error correcting/
detecting capability are used for motion vector information,
which greatly deteriorate the picture quality 1f an error occurs,
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and for lower coetlicients of the orthogonal transformation
coellicients of the prediction residual signal, and the error
correcting/detecting codes of a low error correcting/detecting
capability are used for higher coelficients of the orthogonal
transformation coefficients of the prediction residual signal,
which are under a small influence of the error.

In order to achieve such a hierarchical coding, 1t 1s required
to switch the error correcting/detecting codes of different
error correcting/detecting capabilities in the middle of the
output code string. As a method for switching the error cor-
recting/detecting codes of different error correcting/detecting,
capabilities, there 1s a method for adding a header information
representative of the kind of the error correcting/detecting,
codes to a code string. FIG. 11 shows an example of a code
string, to which the header information 1s added to switch the
error correcting/detecting codes. In this example, two kinds
of error correcting/detecting codes FEC1 and FEC2 are
switched. The headers 1101 to 1104 have a header informa-
tion representative of the kind of the error correcting/detect-
ing codes and the number of the code words. In a coding
system, code words, which are error correction/detection
coded, are arranged after the header information. In a decod-
ing system, the header information 1s decoded, and the error
correcting/detecting codes are decoded 1n accordance with
the decoding of the header information.

However, 1n the method for switching the error correcting/
detecting codes by adding such a header information, there 1s
a problem 1n that the number of bits of the code string to be
transmitted and/or stored by adding the header information 1s
increased. In a case where the picture and/or voice informa-
tion 1s high-efficiency compression coded to be transmitted
and/or stored, if the number of bits 1s occupied by the header
information, the number of bits used for the high-efliciency
compression coding of the picture and/or voice information 1s
decreased, so that the picture quality and sound quality are
deteriorated.

As mentioned above, 1f the error correction/detection cod-
ing of the code string, in which the high-efficiency compres-
sion coding of dynamic image signals and so forth 1s per-
formed, 1s carried out, an optional bit pattern 1s produced.
Therefore, 1n a case where the error correction-/detection
coding 1s combined with the synchronous recovering tech-
nique using a uniformly decodable synchronization code,
there 1s a problem 1n that a pseudo synchronization 1s caused
by the error detection of the synchronization code. Also 1n a
case where the dummy bit 1s 1nserted to prevent the pseudo
synchronization, there 1s a problem 1n that a new step out or a
new pseudo synchroni-zation 1s caused by the error of the
inserted bat.

In addition, 1n a case where the error correction/detection
coding of the code string 1s performed and the synchroniza-
tion code 1s inserted, 1t 1s conventionally required to use many
inserted bits to compensate an excess ol information bits, for
which the error detection and/or detection coding 1s to be
carried out, at the end portion of a synchronization interval
between the adjacent synchronization codes, so that there 1s a
problem 1n that the coding efficiency 1s lowered.

Moreover, 1n a coding/decoding system for switching error
correcting/detecting codes of different error correcting/de-
tecting capabilities by adding a header information, the num-
ber of bits to be transmitted and/or stored by adding the
header information 1s increased. Therefore, 1n a case where a
picture and/or voice information 1s high-efliciency compres-
s1on coded to be transmitted and/or stored, there 1s a problem
in that the mnformation content assigned to the picture and/or
voice information 1s decreased to lower the picture quality
and the sound quality.
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DISCLOSURE OF INVENTION

It 1s therefore a principal object of the present invention to
climinate the aforementioned problems and to provide coding
and decoding systems, which can prevent a pseudo synchro-
nization and a step out due to the error detection of a synchro-
nization code.

It 1s another object of the present invention to provide
coding and decoding systems, which prevent a pseudo syn-
chronization and a step out due to the error detection when an
error correction/detection coding 1s combined with a syn-
chronization recovering technique using a synchronization
code.

It 1s turther object of the present invention to provide cod-
ing and decoding systems, which can decrease the number of
inserted bits used at the end portion 1 a synchronization
interval to enhance the coding efficiency, when an error cor-
rection/detection coding 1s combined with a synchromization
recovering technique using a synchronization code.

It 1s st1ll further object of the present invention to provide
coding and decoding systems which can decrease the number
of bits of a code string, to which a header information repre-
sentative ol the kind of error correction/detection coding must
be added and which 1s transmitted and/or stored, to improve
the quality of information.

(1) A first coding system, according to the present inven-
tion, comprises: coding means for coding an input code string
to an error correcting/detecting code comprising an informa-
tion bit and a check bit; and code string assembling means for
iserting a synchronization code into any one of a plurality of
predetermined synchronization code mnserting positions in an
output code string, for arranging the mnformation bit at an
optional position in the output code string, and for arranging
the check bit at a position other than the synchronization code
iserting positions in the output code string to assemble the
output code string.

A first decoding system, according to the present invention,
comprises: synchronization code detecting means for detect-
ing a synchronization code at a plurality of predetermined
synchronization code inserting positions on the basis of a
code string, which 1s coded to an error correcting/detecting
code comprising an information bit and a check bit; code
string resolving means for resolving the code string to extract
the information bit of the error correcting/detecting code and
the check bit of the error correcting/detecting code arranged
at a position other than the synchronization code inserting
positions; and decoding means for recerving the information
bit and the check bit extracted by the code string resolving
means to decode the error correcting/detecting code.

Thus, 1n the first coding/decoding system, the synchroni-
zation code exists only at the predetermined synchronization
code 1nserting position in the output code string, and the
check bit of the error correcting/detecting code exists at a
position other than the synchronization code inserting posi-
tion. Therefore, even 11 the same bit pattern as the synchroni-
zation code 1s contained 1n the check bit, there 1s no probabil-
ity that 1t 1s erroneously detected that the same bit pattern as
the synchronization code 1s a synchronization code. Accord-
ingly, since 1t 1s not required to use a special error correcting/
detecting code for preventing a particular bit pattern and to
isert a bit for preventing a synchronization code aiter the
error correction/detection coding, the degree of freedom for
the used error correcting/detecting code can be increased. In
addition, since there 1s no probability that a new synchroni-
zation detection error may occur due to the insertion of an
error 1nto an inserted bit, it 1s possible to improve the resis-
tance to errors.
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(2) In a second coding system according to the present
invention, code string transforming means 1s added to the first
coding system. The code string transforming means trans-
forms an 1nput code string other than synchronization codes
arranged at a plurality of predetermined synchronization code
inserting positions in an output code string so that a humming
distance from the synchronization code 1s equal to or greater
than a predetermined value. The code string transformed by
the code string transforming means 1s inputted to coding
means to be coded to an error correcting/detecting code com-
prising an information bit and a check bit.

In a second decoding system according to the present
invention, code string transforming means 1s added to the first
decoding system. The code string transforming means trans-
forms a code string other than the synchronization code,
which exists at a synchronization code inserting position and
which 1s transformed so that a hummaing distance from the
synchronization code in the code string decoded by the
decoding means 1s equal to or greater than a predetermined
value, 1nto the original code string.

Thus, 1n the second coding/decoding system, the coding
system carries out the transtforming process so that the hum-
ming distance from the synchronization code with respect to
a bit string arranged at the synchronization code inserting
position 1s equal to or greater than a predetermined value, and
the decoding system carries out the reverse transformation.
Therefore, since the same bit pattern as the synchronization
code 1s not contained 1n the bit string, 1t 1s possible to prevent
the error detection of a synchronization code. In addition, 1
the transform 1s carried out so that the humming distances
between the synchromization code and the other code strings
are great, the synchronization code can be distinguished from
the other code strings even 1f an error 1s mixed into the code
strings, so that the probability of the error detection of the
synchronization code due to errors can be decreased.

Since this transforming/inverse transforming process 1s
carried out only at the synchronization code inserting posi-
tion, the overhead 1s less than those 1in conventional methods
for carrying out transforming/inverse transforming process
over the whole code string. In addition, in the code string
inputted to the coding system, it 1s not required to carry out the
transforming process so as not to produce the same bit pattern
as the synchronization code, and 1t 1s not required to use a
special code string. In particular, 1n a case where a variable
length coding system for switching and using different code
word tables 1s used as an 1mput of this coding system, 11 the
code word table 1s prepared so as not to produce the same
pattern as the synchronization code 1n the vanable length
coding system, there 1s a problem 1n that the coding efficiency
1s lowered. However, the second coding/decoding system can
climinate such a problem.

(3) A third coding system, according to the present mven-
tion, comprises: coding means for coding an input code string,
to an error correcting/detecting code; synchronization code
inserting means for inserting a synchronization code into the
code string; and determining means for determining the num-
ber of bits an mformation to be coded to an error correcting/
detecting code immediately before the synchronization code
in the code string, wherein the coding means causes the error
correcting/detecting code immediately before the synchroni-
zation code, to be a degenerate code, which adaptively degen-
crated on the basis of the number of bits determined by the
determining means.

A third decoding system, according to the present inven-
tion, comprises: decoding means for decoding a code string,
which 1s coded to an error correcting/detecting code and 1nto
which a synchronization code i1s inserted; synchromization
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code detecting means for detecting the synchromization code
in the code string; and determining means for determining the
number of bits of an information, which 1s coded to an error
correcting/detecting code immediately before the synchroni-
zation code 1n the code string detected by the synchronization
code detecting means, wherein the decoding means decodes
by 1dentitying whether the error correcting/detecting code
immediately before the synchronization code 1s a degenerate
code on the basis of the determined result of the determining
means.

Thus, 1n the third coding/decoding system, since a degen-
erate code degenerated to the number of bits required to code
the information bit remaining at the end portion of a synchro-
nization interval 1s used as the error correcting-/detecting
code immediately betfore the synchronization code, it 1s not
required to use many inserted bits 1n order to compensate the
remainder of the mmformation bit at the end portion of the
synchronization interval, so that the coding efficiency can be
improved.

(4) A fourth coding system, according to the present inven-
tion, comprises: coding means for coding a code string con-
taining kinds of input information to an error correct-ing/
detecting code; and switching means for switching the kind of
the error correcting/detecting code 1n accordance with the
kinds of the input information in the code string.

A fourth decoding system, according to the present inven-
tion, comprises: decoding means for decoding a code string,
which 1s coded to a different kind of error Correcting-/detect-
ing code 1 accordance of the kind of information, to generate
the original information; and means for determiming the kind
of the error correcting/detecting code on the basis of the kind
of information generated by the decoding means, to inform
the decoding means.

Thus, i the fourth coding/decoding system, 1 a case
where the coding/decoding 1s carried out by switching the
error correcting/detecting-code 1n accordance with the kind
of information, the coding system switches the error correct-
ing/detecting code 1n accordance with the kind of information
of the input code string, and the decoding system determines
the kind of the error correcting-/detecting code on the basis of
the decoded information to carry out the same switching as
that of the coding system. Therefore, it 1s not required to use
a header information representative of the kind of the error
correcting/detecting code unlike conventional systems, so
that 1t 1s possible to remove the overhead due to the header
information.

(5) A fifth coding system, according to the present mnven-
tion, comprises: code string transforming means for trans-
forming an input code string other than synchroni-zation
codes, which are arranged at a plurality of predetermined
synchronization code mnserting positions in an output code
string and 1n intervals of a predetermined number of bits
before and after the predetermined synchronization code
inserting positions in an output code string, so that a humming
distance from the synchronization code 1s equal to or greater
than a predetermined value; coding means for coding a code
string transformed by the code string transforming means, to
an error correcting-/detecting code comprising an iforma-
tion bit and a check bit; and code string assembling means for
iserting a synchronization code into any one of a plurality of
predetermined synchronization code inserting positions in
the output code string, for arranging the information bit at an
optional position in the output code string, and for arranging
the check bit at a position other than the synchronization code
iserting positions in the output code string to assemble the
output code string.
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A fifth decoding system, according to the present mven-
tion, comprises: synchronization code detecting means for
detecting synchronization code at a predetermined synchro-
nization code 1nserting position and 1n an interval of a prede-
termined number of bits before and after the predetermined
synchronization code inserting position, on the basis of a code
string, which 1s coded to an error correcting/detecting code
comprising an information bit and a check bit and into which
the synchronization code; code string resolving means for
resolving the code string to extract the information bit of the
error correcting-/detecting code and the check bit of the error
correcting/detecting code arranged at a position other than the
synchronization code inserting position; decoding means for
receiving the information bit and the check bit extracted by
the code string resolving means to decode the error correct-
ing/detecting code; and code string transforming means for
transforming a code string other than the synchromization
code, which 1s transformed so that a humming distance from
the synchronization code 1n the code string decoded by the
decoding means 1s equal to or greater than a predetermined
value and which exists at the synchronization code inserting,
position and in an interval of a predetermined number of bits
betfore and after the synchronization code 1nserting position,
into the original code string.

Thus, 1n the fifth coding/decoding system, the input code
string 1s transformed 1n the synchronization code inserting
interval as well as 1n the interval of the predetermined number
of bits before and after the synchronization code inserting
interval so that the humming distance 1s equal to or greater
than the predetermined value, and the decoding system car-
ries out the reverse transformation of the input code string, so
that the same bit pattern as the synchronization code 1s not
contained 1n this interval. Therefore, even i1t the transmission/
storage of a bit string coded through a transmission line or a
storage medium for causing a bit loss, in which a part of bits
1s lost, and a bit addition, in which an excess bit 1s added, 1s
carried out, the synchronization code can be distinguished
from the other code strings if the number of lost/added bits 1s
equal to or less than a predetermined number of bits, so that
the decoding system can correctly carry out the synchroniza-
tion detection.

(6) A sixth coding system, according to the present imnven-
tion, comprises: multiplexing means for multiplexing kinds
of compressed codes, which are obtained by compression
coding an mput signal, to produce a multiplexed code string;
and code string assembling means for inputting the multi-
plexed code string to assemble an output code string, wherein
the code string assembling means 1nserts a synchromzation
code into any one of a plurality of periodically predetermined
synchronization code inserting positions in the output code
string.

In this case, 1n order to insert the synchronization code 1nto
any one of the plurality of periodically predetermined syn-
chronization code inserting positions in the output code
string, the code string assembling means 1nserts a stuifing bit
into the output code string, or periodically determines the
plurality of synchronization code inserting positions in the
output code string and inserts an information (a pointer infor-
mation) representative of the boundary of the multiplexed
code string, to insert the synchronization code into any one of
the plurality of synchronization code inserting positions.
Thus, the synchronization code can be mserted only 1nto any
one of the plurality of periodically predetermined synchroni-
zation code mserting positions.

The stulling bit 1s preferably a code, which can be uni-
tormly decoded 1n a backward direction of the output code
string. Thus, 1 the decoding system compares the decoding
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8
end position of the code string immediately betfore the stuill-
ing bit with the starting position of the stutfing bit, 1t 1
possible to easily detect an error 1n the input code string.

Moreover, the humming distances of the stufling bit from
the synchronization code and the part thereof are preferably
equal to or greater than a predetermined value. Thus, there 1s
an advantage 1n that the probability of the occurrence of a
pseudo synchronization.

A sixth decoding system, according to the present imnven-
tion, comprises: synchromzation code detecting means for
detecting a synchronization code 1n an output code string;
demultiplexing means for demultiplexing on the basis of the
position of the synchronization code detected by the synchro-
nization code detecting means from the mput code string, to
produce a compressed code string; and decoding means for
decoding the compressed code to output a reconstructed sig-
nal, wherein the synchronization code detecting means
detects the synchronization code at a plurality of periodically
predetermined synchronization code inserting positions in
the input code string.

Thus, 1n the case of the sixth coding/decoding system,
since the coding system inserts the synchronization code nto
the multiplexed code string, which 1s obtained by multiplex-
ing kinds of compressed codes, only at the periodically pre-
determined synchronization code inserting positions, the
decoding system may carry out the synchronization detection
only at the synchronization code inserting positions, so that
the number of synchronization code detecting processes can
be decreased 1n comparison with conventional systems for
iserting a synchronization code mto a code string at an
optional position. In addition, 1n accordance with the
decrease of the number of the synchronization code detecting
processes, 1t 15 possible to decrease the probability that a
pseudo synchronization occurs because of the bit string input-
ted to the decoding system changed to the same bit pattern as
the synchronization code due to bit error. Therefore, accord-
ing to the present invention, it 1s possible to decrease the
number of the occurrences of the pseudo synchronization, so
that the processing quantity in the synchronization code
detection can be decreased.

(7) In a seventh coding system according to the present
invention, code string transforming means 1s added to the
sixth coding system. The code string transforming means
transforms a code string other than said synchronization code,
which 1s arranged at said synchronization code inserting posi-
tion 1n said output code string, so that a humming distance
from said synchronization code 1s equal to or greater than a
predetermined value.

A seventh decoding system, according to the present inven-
tion, further comprises: code string transforming means for
transforming a code string other than the synchromization
code, which 1s transtormed so that a humming distance from
the synchronization code 1s equal to or greater than a prede-
termined value at the synchronization code 1nserting position
of the mput code string, into the original code string.

Thus, in the seventh coding/decoding system, 1n addition to
the construction of the sixth coding/decoding system, the bit
insertion in view of the error of the synchronization code, 1.e.,
the transformation of the humming distance of the bit string
arranged at the synchronization code nserting position from
the synchronization code, 1s carried out, so that the same bit
pattern as the synchronization code 1s contained 1n the bit
code string. Therefore, 1t 1s possible to ensure that the error
detection of the synchronization code does not occur with
respectto an error of a supposed number of bits or less, so that
it 1s possible to decrease the probability of the error detection
of the synchronization code.
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Furthermore, 1n the present invention, the synchroniza-tion
code 1s a code string, which 1s inserted into a code string for
synchronization recovery and which can be uniformly
decoded. For example, 1f a code string for inserting a syn-
chronization code 1s a multiplexed code string, which 1s
obtained by multiplexing a plurality of kinds of compressed
codes obtained by compression coding an image signal input-
ted for each frame, the synchronization code is a code repre-
sentative of a partition of a coding frame, partitions of the
plurality of kinds of compressed codes, and other partitions.

As described above, according to the present invention, the
following advantages can be obtained.

(1) According to the first coding/decoding system, the syn-
chronization codes are inserted only into the synchroni-zation
code inserting positions arranged at regular intervals, and the
check bits of the error correcting-/detecting code are shifted
so as to exist at positions other than the synchronization code
inserting positions. Therefore, even 11 the same bit pattern as
the synchroni-zation code occurs in the check bit, the same
pattern as the synchronization code does not occur at the
synchroni-zation code inserting position, and, in theory, there
1s no probability that synchronization 1s detected.

In addition, 1f the bit 1nsertion into a code string at the
synchronization code inserting position 1s carried out so as
not to produce a pseudo synchronization code, 1t 1s possible to
climinate the difficulty i forming a code word so as not to
produce the same bit pattern as the synchroni-zation bit.

(2) According to the second coding/decoding system, 1n
addition to the construction of the first coding system, the bit
isertion 1s carried out 1n view of the synchroni-zation code,
1.€., the transforming process 1s carried out so that the hum-
ming distance from the synchronization code 1s equal to or
greater than the predetermined value with respect to the bit
string arranged at the synchronization code inserting posi-
tion, and the decoding system carries out the backward trans-
formation, so that the bit code does not contain the same bit
pattern as the synchronization code. Therefore, 1t 1s possible
to ensure to prevent the error detection of the synchronization
code from occurring due to the errors of the supposed number
ol bits or less, so that the probability of the error detection of
the synchronization code 1s decreased. In addition, 1f such
transformation 1s carried out, 1t 1s possible to distinguish the
synchronization code from the other code strings even 1f an
error 1s mixed 1nto the code string, so that the probability of
the error detection of the synchromization code due to errors
can be decreased.

Moreover, since the error correction/detection coding 1s
carried out after the code word 1s transformed by the bit
insertion, the error protection 1s carried out for the mserted
bit. Therefore, 1n comparison with conventional systems for
carrying out the bit insertion aiter the error correction/detec-
tion coding, the probability that an error occurs in the mserted
bit 1s decreased. In addition, since the bit insertion 1s carried
out only 1nto the synchronization code mserting position, the
increase of the quantity of cods due to the bit insertion 1s
smaller than that 1n conventional systems for carrying out the
bit 1nsertion over the whole code string, so that the coding
eificiency 1s improved.

(3) According to the third coding/decoding system, since
the error correcting/detecting code immediately before the
synchronization code 1s a degenerate code, 1t 1s possible to
decrease the number of 1nserted bits for compensating the
remainder of the information bit at the portion immediately
betore the synchronization code, to improve the coding effi-
ciency, 1n comparison with conventional coding systems.

(4) According to the fourth coding/decoding system, the
coding system utilizes the multiplexing rule 1n the high-eifi-
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ciency compression coding system, such as image and voice,
and switches the error correcting/detecting code 1n accor-
dance with the kind of the information of an input code string,
and the decoding system determines the kind of the error
correcting/detecting code on the basis of the decoded nfor-
mation to carry out the same switching as that of the coding
system. Therefore, it 1s not required to add the header infor-
mation representative ol the kind of the error correcting/
detecting code, and 1t 15 possible to assign the number of bits
to high efficiency compression coding, such as image and
voice, so that 1t 1s possible to improve the information quality,
such as picture quality and sound quality.

(5) According to fifth coding/decoding system, the coding
system transforms an input code string so that a humming,
distance 1n a synchronization code inserting interval as well
as a humming distance i1n an interval of a predetermined
number of bits before and after the synchronization code
iserting interval are equal to or greater than a predetermined
value, and the decoding system carries out the iverse trans-
formation of the mput code string, so that 1t 1s possible to
prevent the same bit pattern as the synchronization code from
being contained 1n this interval. Therefore, even 1t a bit string
coded through a transmission line and/or a storage medium,
which may cause a bit loss for losing a part of bit1s lost and a
bit addition for adding an excess bit, 1s transmitted/stored, 1
the number of lost/added bits 1s equal to or less than a prede-
termined number of bits, i1t 1s possible to distinguish a syn-
chronization code from other code strings, so that the decod-
ing system can correctly carry out the synchronization
detection.

(6) According to the sixth coding/decoding system, since
the coding system inserts synchronization codes only into
synchronization code mserting positions periodically prede-
termined in a multiplexed code string, which 1s obtained by
multiplexing kinds of compressed codes, the decoding sys-
tem may carry out the synchronization detection only at the
synchronization code inserting positions, so that the number
of the synchronization code detecting processes can be
decreased 1n comparison with conventional systems for
iserting synchronization codes 1nto a code string at optional
positions.

In addition, since the probability that a pseudo synchroni-
zation occurs by the variation of the bit string inputted to the
decoding system into the same bit pattern as the synchroni-
zation code, 1s decreased 1n accordance with the decrease of
the number of the synchronmization code detecting processes,
it 15 possible to prevent the pseudo synchronization according
to the present invention, so that the processing quantity for the
synchronization code detection decreases.

(7) According to the seventh coding/decoding system, in
addition to the construction of the sixth coding/decoding
system, the bit isertion in view of the error of the synchro-
nization code, 1.e., the transformation of the humming dis-
tance of the bit string at the synchronization code 1nserting
position from the synchronization code 1s carried out, so that
the same bit pattern as the synchronization code 1s not con-
tained 1n the bit string. Therefore, 1t 1s ensured that the error
detection of the synchronization code does not occur with
respect to errors of the supposed number of bits, so that the
probability of error detection of synchronization codes can be
decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the first and second preferred
embodiments of a dynamic image coding system according to
the present invention.
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FIG. 2 1s a diagram illustrating a multiplexing rule in a
multiplexer of the dynamic image coding system of FIG. 1.

FIG. 3 15 a block diagram of an output coding unit of the
dynamic 1mage coding system of FIG. 1.

FIG. 4 1s a diagram 1llustrating an example of an output
code string of the dynamic image coding system of FIG. 1.

FIG. 5 1s a diagram 1llustrating an example of a synchro-
nization code.

FIG. 6 1s a block diagram of an error correction/detection
switching coding part in the output coding unit of FIG. 3.

FI1G. 7 1s a block diagram of a code string assembling unit
ol the output coding unit of FIG. 3.

FIG. 8 1s a block diagram of the first and second preferred
embodiments of a dynamic image decoding system according
to the present invention.

FIG. 9 1s a block diagram of an input decoding unit of the
dynamic 1image decoding system of FIG. 8.

FIG. 10 1s a block diagram of a code string resolver of the
input decoding unit of FI1G. 9.

FI1G. 11 1s a diagram 1llustrating an example of a code string
obtained by a conventional error correction-/detection
switching coding system.

FI1G. 12 15 a diagram 1llustrating an example of a synchro-
nization code, 1n which an error 1s caused by the addition/loss
of a bit(s) 1n a transmission line, for explaining the second
preferred embodiment of the present invention.

FIG. 13 1s a diagram explaining the operation of a bit
inserting unit of FIG. 3 in the second preferred embodiment.

FIG. 14 1s a diagram explaining the operations of a syn-
chronization detector and an inserted bit removing unit of
FIG. 9 1n the second preferred embodiment.

FIG. 15 1s a diagram 1llustrating an example of a code
string, 1n which a synchronization protection is carried out
using a frame length information 1n the first and second pre-
terred embodiments.

FI1G. 16 1s diagram 1llustrating another example of a code
string, 1n which a synchronization protection is carried out
using a frame length information 1n the first and second pre-
terred embodiments.

FIG. 17 1s diagram illustrating further example of a code
string, 1n which a synchronization protection 1s carried out
using a frame length information 1n the first and second pre-
terred embodiments.

FIG. 18 1s a block diagram of the third and fourth pretferred
embodiments of a dynamic image coding system according to
the present invention.

FI1G. 19 15 a block diagram of an output coding unit of the
third preferred embodiment of a dynamic image coding sys-
tem according to the present invention.

FI1G. 20 1s a diagram 1llustrating an example of an output
code string of the third preferred embodiment of a dynamic
image coding system according to the present invention.

FI1G. 21 1s a block diagram of the third and fourth preferred
embodiments of a dynamic image decoding system according
to the present invention.

FI1G. 22 1s a block diagram of an input decoding unit of the
third preferred embodiment of a dynamic 1image decoding
system according to the present invention.

FI1G. 23 15 a block diagram of an output coding unit of the
fourth preferred embodiment of a dynamic 1image coding
system according to the present invention.

FI1G. 24 1s a block diagram of an input decoding unit of the
tourth preferred embodiment of a dynamic image decoding
system according to the present invention.

FI1G. 25 1s a block diagram of an example of an output code
string of the fourth preferred embodiment of a dynamic image
coding system according to the present invention.
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FIG. 26 1s a diagram 1llustrating a multiplexing rule 1n a
multiplexer of a dynamic image coding system.

FIG. 27 1s a block diagram of examples of output code
strings of the fifth preferred embodiment of a dynamic image
coding system according to the present invention.

FIG. 28 15 a diagram 1llustrating other examples of multi-
plexing rules 1n a multiplexer of a dynamic 1mage coding
system.

FIG. 29 1s a diagram of an output code string, in which
synchronization codes are processed when the multiplexing
shown 1n FIG. 28 1s carried out.

FIG. 30 15 a code table for explaiming examples of stuiling
bits used for the present ivention.

FIG. 31 1s a diagram explaining a process 1n a decoding,
system when the stulling bits of FIG. 30 are used.

FIG. 32 1s a diagram explaiming the characteristics of the
stulling bits of FIG. 30.

FIG. 33 1s a diagram of examples of output code strings
when a synchronization code inserting interval 1s shorter than
a synchronization code.

FIG. 34 1s a diagram of examples of the use of synchroni-
zation codes of different lengths.

FIG. 35 15s a diagram of examples of output code strings of
the sixth preferred embodiment of a dynamic image coding
system according to the present invention.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Referring now to the accompanying drawings, the pre-
terred embodiments of the present invention will be described
below.

FIRST PREFERRED

EMBODIMENT

FIG. 1 1s a block diagram of the first preferred embodiment
of a dynamic 1mage coding system, according to the present
invention, wherein a coding system having an error correct-
ing/detecting code switching function of the present mnven-
tion 1s combined with a high-efficiency compression coding
system which uses a motion-compensated adaptive predic-
tion and a discrete cosine transform coding serving as a kind
of an orthogonal transform coding. A coding system compris-
ing the combination of a motion-compensated adaptive pre-
diction and a discrete cosine coding 1s detailed 1n, e.g., Lit-
crature 1 “International Standard of Multimedia Coding™ by
Hiroshi Yasuda, Maruzen (June 1991). Therefore, only the
operation ol the coding system will be schematically
described. In addition, 1t 1s assumed that information bits are
separated from detection bits 1n an error correcting/detecting
code similar to a BCH code.

In FIG. 1, with respect to an mput dynamic image signal
131 serving as an object to be coded, which 1s inputted for
cach frame, a motion-compensated adaptive prediction 1s first
carried out for each small region, such as a macro block. That
1s, 1n a motion-compensated adaptive predictor 101, a motion
vector between an input dynamic image signal 131 and an
image signal, which 1s stored 1n a frame memory 102 and
which has been encoded and/or locally decoded, 1s detected,
and a prediction signal 132 1s produced by the motion-com-
pensated prediction on the basis of the motion vector. In this
motion-compensated predictor 101, a prediction mode suit-
able for coding 1s selected from the motion-compensated
prediction coding and the intrairame coding (prediction sig-
nal=0), which directly encodes the input dynamic image sig-
nal 131, to produce the corresponding prediction signal 132.
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The prediction signal 132 1s iputted to a subtracter 103,
wherein the prediction signal 132 1s subtracted from the input
dynamic image signal 131 to output a prediction residual
signal 133. The prediction residual signal 133 1s discrete-
cosine-transformed (DCT) 1n a discrete cosine transiormer
104 for each block having a predetermined size to produce a
DCT coetlicient. The DCT coellicient 1s quantized by means
of a quantizer 105. The DCT coetficient data quantized by the
quantizer 105 are divided into two parts, one of which 1s
variable-length-encoded by means of a first variable length
encoder 106, and the other of which 1s inverse-quantized by
means ol an 1nverse quantizer 107 to be inverse-discrete-
cosine-transiformed (inverse DCT) by means of an mverse
discrete cosine transformer 108. The output of the mverse
discrete cosine transformer 108 1s added to the prediction
signal 132 1n an adder 109 to produce a locally decoded
signal. This locally decoded signal 1s stored 1n the frame
memory 102.

On the other hand, the information on the prediction mode
and the motion vector, which have been determined by the
motion-compensated adaptive predictor 101, 1s variable-
length-encoded by means of a second variable length encoder
110. The variable length codes (compressed codes) outputted
from the first and second variable length encoders 106 and
110 are multiplexed by means of a multiplexer 111 to be
outputted as a multiplexed code string 201.

The multiplexer 11 outputs the multiplexed code string
201, a FEC kind 1dentifying signal 202 representative of the
kind of an error correcting/detecting code corresponding
thereto, and a synchronization code insertion request signal
for requesting to insert a synchromization code. The code
string 202, the FEC kind 1dentifying signal 202 and the syn-
chronization code 1nsertion request signal 203 are inputted to
an output coding unit 200 for switching and encoding the
code string 202 to kinds of error correcting/detecting codes of
different error correcting-/detecting capabilities, to produce a
final output code string 205. In this preferred embodiment,
the output coding unit 200 corresponds to a coding system
according to the present invention.

FIG. 2 1s a diagram 1illustrating a multiplexing flow 1n the
multiplexer 111. The multiplexing 1s carried out for each
coding frame. First, a synchronization code 301 1s multi-
plexed. When the synchronization code 301 1s multiplexed,
the synchronization code insertion request signal 203 1s out-
putted from the multiplexer 111, and the coding system 200
has notice that the multiplexed code word 1s a synchroniza-
tion code. Then, picture headers 203 representative of various
coding modes of the coding frame are multiplexed to be the
multiplexed code string 201. Then, a prediction mode 1nfor-
mation 303 representative of a prediction mode 1n a motion-
compensated adaptive predictor MC 1n each region 1s multi-
plexed, and a motion vector iformation 304 and a DCT
coellicient 305 of a predictive residual signal (hereinafter
referred to as a “residual DCT coeflicient”) are multiplexed.
When the picture header 302, the prediction mode informa-
tion 303, the motion vector information 304 and the residual
DCT coetficient 305 are multiplexed, the FEC kind identity-
ing signals 202 representative of the kind of error correcting-/
detecting codes corresponding thereto are outputted.

The error correcting/detecting codes of high correct-ing/
detecting capabilities are used for the picture header 302, the
prediction mode information 303 and the motion vector infor-
mation 304, which greatly deteriorate the picture quality if an
error 1s mixed. On the other hand, it an error 1s mixed into the
residual DCT coelficient 305, it 1s possible to prevent the
picture quality from greatly deteriorating by detecting the
error and setting the residue to be zero. Therefore, the error
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correcting capacity 1s not required to be high, and only the
error detection may be carried out.

FIG. 3 1s a block diagram of an output coding umt of FIG.
1. The output coding unit 200 comprises a bit inserting unit
211, an error correction/detection switching encoder 212 and
a code string assembling unit 213. FIG. 4 shows an example
ol an output code string 205 produced by the output coding
unit 200. In FIG. 4, PSC denotes a synchronization signal, PH
denotes a picture header, MODE denotes a prediction mode
information, MV denotes a motion vector, CHK denotes a
check bit of an error correcting-/detecting code, DOEF 1s a
residual DCT coeftficient, and STUFF denotes a stuifing bit
(an 1nserted bit). This output code string 203 has the following,
characteristics.

(1) The synchronization codes PSC are inserted into only
synchronization code inserting positions indicated by arrows,
which are arranged at regular intervals (every sync_period
bits). The length of the sync_period is set to be greater than
the length of the synchronization code PSC and the maximum,
length of the check bit CHK. The check bit CHK 1s shifted so
as to be arranged immediately before the synchronization
code 1nserting position.

(2) The error correcting/detecting code at the end part of a
frame, 1.e., a synchronization period between a synchroniza-
tion code PSC and the next PSC, 1s a degenerate code for
encoding only the finally remaining information bit, and the
stulling bits STUFF having the number of bits required to
displace the check bit CHK (CHK6 1n the example of FIG. 4)
are mserted.

(3) The FEC kind 1dentifying signal representative of the
kind and number of the error correcting/detecting codes does
not exist i the output code string 205 of FIG. 4.

In this output code string 205, since the check bit CHK 1s
displaced as described 1n (1), no check bit CHK enters the
synchronization code inserting positions indicated by the
arrows, so that there 1s no probability that a pseudo synchro-
nization 1s produced by the check bit CHK. In addition, 1n a
case where the error correction/detection coding of the end of
the frame 1s carried out as described in (2), it has been
required to msert many inserted bits (dummy bits) in the prior
art. However, 1n this preferred embodiment, since the end of
the frame has the degenerate code, the number of 1nserted bits
may be small. Moreover, as described 1n (3), since the header
information representative of the kind and number of the error
correcting/detecting codes are contained 1n the output code
string 205, the amount of codes 1s not increased therefor.

Comparing the multiplexed code string 201 of FIG. 2 out-
putted from the multiplexer 111 with the output code string
205 of FIG. 4, the construction and operation of the output
coding unit 200 of FIG. 3 for producing such an output code
string 205 will be described 1n detail below.

When the synchromization code 301 1s multiplexed 1n the
multiplexer 111, the synchronization code msertion request
signal 203 1s outputted as described above. For example, as
shown 1n FIG. 5, the synchronization code 301 comprises
“0”s of sync__ 0 _len bits, a *“1” of one bit, and a “xxxxx’” of
sync_nb_len bits representative of the kind of the synchroni-
zation code 301. The output coding unit 200 outputs a syn-
chronization code (PSC) serving as an output code string 205
from the code string assembling unit 213 when receiving the
synchronization code 301 and the synchronization code
insertion request signal 203 from the multiplexer 111.

As shown 1n FIG. 4, since the synchronization code 301
can be inserted only at the synchronization code inserting
positions arranged at intervals of sync_period bits, when the
end of the output code string 205 produced 1s not arranged at
the synchronization code inserting position, a stuifing bit
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STUFF 1s inserted so that the synchronization code 301 1s
arranged at the synchronization code inserting position as
described later.

After the synchronization code 301 is outputted to the
output code string 205, the picture header 302, the prediction
mode information 303, the motion vector information 304
and the residual DCT coelficient 305 are encoded as follows.
The bit insertion 1nto the multiplexed code string 201 output-
ted from the multiplexer 111 1s carried out to prevent a pseudo
synchronization from occurring in the bit inserting unit 211.
That 1s, 1f the same bit pattern as the code word of the syn-
chronization code 301 exists in the output code string 201, the
bit insertion 1s carried out, if necessary, 1n order to prevent the
synchronmization code 301 from being not able to be uniformly
decoded. For example, 1n a case where the synchronization
code 301 1s a code word having continuous “0”s of sync_ 0 _
len bits as shown 1n FIG. 5, 1t a “1” 1s inserted so that “0”’s of
the sync_ 0 _len bits or more do not continue 1n code strings
other than the synchromization code 301, 1t 1s possible to
prevent a pseudo synchronization from being produced.

As described above, since the synchronization codes 301
are 1serted only at the synchronization code inserting posi-
tions, the bit inserting operations for preventing the pseudo
synchronization from occurring may be carried out only at the
synchronization code inserting positions. Therefore, a
counted value 221 representative of the total number of bits of
the output code strings 205 produced 1s outputted from the
code string assembling unit 213, and 1t 1s determined by the
bit 1nserting unit 211 on the basis of the counted value 221
whether the bit insertion 1s required. Assuming that the
counted value. 221, 1.e., the total number of bits of the output
code strings 205 produced, 1s total_len, the number of “1”’s 1n
the multiplexed code string 201 1s counted in an interval
wherein O<total_len mod sync_period=sync_ 0 _len. If no
“1” exists 1n this interval, a ““1”” of one bit 1s inserted. A mod
B denotes a remainder when A 1s divided by B.

In addition, 1n order to decrease the probability of the error
detection of the synchronization code 301, the bit insertion
may be carried out as follows.

In order to detect the synchronization code 301 even 1f an
error ol n bits 1s mixed into the synchronization code 301, 1t 1s
required to determine that a code word having a hamming,
distance of n or less from a true synchronization code 1n an
input decoding unit of a dynamic image decoding system as
described later 1s a synchronization code. However, 11 such a
determination 1s carried out while the code strings other than
the synchronization code 301 are as they are, bit patterns
having a hamming distance of n or less from the synchroni-
zation code may exist even in the code strings other than the
synchronization code 301. Therefore, if this 1s arranged at the
synchronization code inserting position, 1t may be errone-
ously determined to be the synchronization code 301.

Therefore, the bitinsertion into the multiplexed code string
201 1s carried out by means of the bit inserting unit 211, so
that the code strings other than the synchronization codes
arranged at the synchronization code inserting positions 1n
the multiplexed code string 201 are transformed so as to have
a humming distance of 2*n+1 or more from the synchroniza-
tion code 301. Specifically, the number of *“1”’s (assumed to be
n0) 1s counted in an interval wherein O<total_len mod
sync_period=sync__ 0 _len—(2*N+1). If n0 1s equal to or less
than 2*n+1, “1”’s of 2*n+1-n0 bits are inserted into the mul-
tiplexed code string 201.

Thus, a code string 222, 1n which the bit insertion 1s carried
out by means of the bit inserting unit 211, together with the
FEC kind identifying signal 202 representative of the kind of
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an error correcting/detecting code, 1s mputted to the error
correcting/detecting code switching encoding part 212.

FIG. 6 1s a block diagram of an error correcting-/detecting
code switching encoding part 212. A latch circuit 603 1s a
circuit for latching a FEC kind 1dentifying signal 202. When
the output of a synchronization code from the multiplexer 111
to the multiplexed code string 201 1s completed to stop the
output of the synchronization code insertion request signal
203, the latch circuit 603 latches the FEC kind i1dentifying
signal 202 to supply a latched signal 623 to an error correc-
tion/detection encoder 604.

An error correction/detection encoder 604 carries out the
error correction/detection coding of a code string 222, which
1s outputted from a bit inserting unit 211, on the basis of the
latched signal 623 to output an information bit 631 and a
check bit 632. In addition, when the error correction/detec-
tion coding of one block 1s completed, the error correction/
detection encoder 604 outputs a latch indicating signal 625,
which indicates the latch of the next FEC kind identifying
signal 202, to the latch circuit 603. The latch circuit 603
latches 1n accordance with the latch indicating signal 6235 to
supply the latched signal 623 to the error correction/detection
encoding 604.

The atorementioned operation 1s repeated in the output
coding unit 200, so that the error correction/detection coding
of the bit-inserted code string 222 outputted from the bit
inserting unit 211 1s carried out while switching the error
correcting/detecting code 1n the error correct-ion/detection
switching encoder 212 on the basis of the FEC kind 1dentify-
ing signal 202 outputted from the multiplexer 111. Since the
FEC kind 1dentitying signal 202 1s latched by the latch circuit
603 only at the time that the Codlng of the error correcting/
detecting code of one block 1s completed, the same error
correcting/detecting codes are applied before this switching
point. For example, 1n a case where the picture header 302
uses an error correcting/detecting code FEC1 and the predic-
tion mode information 303 uses an error correcting/detecting
code FEC2, 11 the number of bits of the picture header 302 1s
smaller than the number of information bits of one block of
the FEC1, the FECI1 1s used as the error correcting/detect-ing
code of the subsequent prediction mode information 303 until
the number of bits of the picture header 302 reaches the
number of information bits of the FECI.

FIG. 7 1s a block diagram of a code string assembling unit
213 of F1G. 3. The code string assembling unit 213 comprises
a counter 701 for counting the number of bits of the output
code string 205, a buffer 702 for temporarily storing the check
bit 632 and the number of bits thereof, a switch 703 for
switching the output code string 205, and a switch controller
704 for controlling the switch 703.

The counter 701 1is reset to be a value of a synchronization
code length sync_len when the synchronization code 1nser-
tion request signal 203 1s inputted, and counts up sequentially
from the next bit of the synchronization code until the next
synchronization code 1s inputted. The switch 703 1s operated
so that the information bit 631 1s outputted betfore the nitial
check bit 632 1s inputted after the synchronization code 1s
inputted. When the check bit 632 1s inputted, i1t 1s stored in the
buffer 702 and the number of bits thereof (the number of
check bits) 711 1s outputted from the butier 702 to the switch
controller 704.

The switch controller 704 controls the switch 703 on the
basis of the number 711 of check bits and the counted value
221 of the counter 701 so that the check bit 1s displaced 1n
order to prevent the check bit 632 from being outputted to the
synchronization code inserting position as described above.
For example, assuming the counted value 221 1s bit_count
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and the number 711 of check bits 1s check_len, the informa-
tion bit 631 1s outputted when bit_count mod
sync_period<sync_period—check_len, and a check bit 713
stored 1n the butler 702 1s outputted when sync_period—
check_len=total_bits mod  sync_period<sync_period.
Thereatter, the alorementioned process 1s repeated while the
information bit 631 and the check bit 632 are mnputted.

As described above, since the output coding unit 200 uses
a degenerate code as an error correcting/detecting code at the
end portion of one frame and performs the bit 1nsertion to
displace the check bit, 1t performs operation different from
usual operations of portions other than the end portion. That
1s, when the output of the multiplexed code string 201 of one
frame 1s completed, the multiplexer 111 outputs a synchro-
nization code 1nsertion request signal 203 for the next frame.
In response thereto, the error correcting/detecting code 604 1n
the error correction/detection switching encoding part 212 of
FIG. 6 performs the error correction/detection coding using a
degenerate code, assuming that a shortage of the information
bits 631 of the error correcting/detecting code 1s a predeter-
mined bit pattern outputted from an inserted bit generator
705. This bit pattern may be a bit pattern wherein all bits are
“1”s or “0”s, or may be a specific repeated pattern such as
“0101 ...7. This compensated inserted bits are not outputted
to the information bit 631.

In the code string assembling unit 213 of FIG. 7, after the
information bit 613 1s outputted to the end, the switch 713 1s
switched from the bit generator 705 to the input, and the
inserted bits are mnserted so that the check bit 713 stored 1in the
butler 702 1s arranged immediately before the next synchro-
nization code. Assuming that the counted value 221 of the
counter 701 1s total len when the last information bit 631 of
one frame 1s outputted and that the number of the finally
outputted check bits 632 1s last_check_len, the number of
inserted bits stulling len 1s stulling len=sync_period-
last_check_len—(total_len mod sync_period). Furthermore,
in a case where no degenerate code 1s used, 1t 1s required to
insert (into_len—last_into_len) bits, which 1s a shortage of the
last information bit last into len from the usual information
bit into_len, and to 1nsert a shortage of bits for displacing the
check bit. Therefore, 1t 1s required to insert more inserted bits
than those 1n the use of the degenerate code, by 1nto_len—
last_into_len+(into_len—last_into_len) mod sync_period.

Thus, after the code string assembling unit 213 outputs the
information bits 631 and the mserted bits to the output code
string 205 via the switch 703, and 1t finally outputs the check
bit 713 to the output code string 203.

The first preferred embodiment of a dynamic image decod-
ing system, according to the present invention, will be
described below.

FIG. 8 1s a block diagram of a dynamic image decoding
system corresponding to the dynamic image coding system of
FIG. 1. The output code string 205 outputted from the
dynamic 1image decoding system of FIG. 1 passes through a
transmission/storage system to be inputted to an input decod-
ing unit 800 as an input code string 205. In this preferred
embodiment, the mput decoding unit 800 corresponds to a
decoding system of the present invention.

The 1nput decoding unit 800 switches error correcting/
detecting codes on the basis of a FEC kind identifying signal
802 representative of the kind of an error correction/detecting
code outputted from a downstream demultiplexer 811, to
output a code string 801, which has been error correction/
detection encoded, a synchronization code detection signal
803 and an error detection signal 804. The demultiplexer 811
receives the code string 801, the synchronization code detec-
tion signal 803 and the error detection signal 804 to separately
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output a prediction residual signal 841 and a motion-compen-
sated adaptive prediction information code 842.

The prediction residual signal 841 and the motion-com-
pensated adaptive prediction information code 842 are mput-
ted to first and second variable length decoders 806 and 810,
respectively. For a residual DCT coetficient 831 decoded by
the first variable length decoder 806, a series of processes are
carried out, 1.e., the mverse quantization’s carried out by
means ol an inverse quantizer 807 and the inverse discrete
cosine transform 1s carried out by means of an mverse DCT
unmit 808. Then, the processed residual DCT coelficient 1s
added to a motion-compensated adaptive prediction signal
832, which 1s an output of the motion-compensated adaptive
predictor 801, 1n an adder 809 to be outputted as a recon-
structed 1mage signal 850. The reconstructed image signal
850 1s outputted to the outside of the system and recorded 1n
a frame memory 820. The motion-compensated adaptive pre-
diction information decoded by the second variable length
decoder 10 1s mputted to the motion-compensated adaptive
predictor 801 to produce the motion-compensated adaptive
prediction signal 832.

The aforementioned processes are processes for producing,
a dynamic 1mage so as to correspond to the dynamic image
coding system of FIG. 1. The processes of the inverse quan-
tizer 807, the inverse DCT unit 808, the adder 809 and the
frame memory 820 are basically the same as those the inverse
quantizer 107, the mverse DCT unit 108, the adder 109 and
the frame memory 102 although the realizing means may be
different. In addition, the processes in the first and second
variable length decoders 806 and 810, the demultiplexer 811
and the input decoding unit 800 are inverse processes to those
in the variable length encoders 106 and 110, the multiplexer
111 and the output coding unit 200, except for the case that an
error 15 mixed into the code string.

FIG. 9 15 a block diagram of the input decoding unit 800.
The mput decoding unit 800 comprises a synchroni-zation
detector 901 for detecting a synchronization code in the input
code string 205', a counter 902 for counting the number of bits
of the input code string 203', a code string resolver 903 for
resolving a code string into information bits 912 and check
bits 913, an error correction/detection decoder 904, and an
inserted bit remover 905.

The synchronization detector 901 detects synchroni-zation
codes only at the synchronization code 1nserting positions on
the basis of the counted value 911 of the counter 902. For
example, assuming that the interval between the adjacent
synchronization code inserting positions 1s sync_period, the
counted value 911 1s bit_count, and the length of the synchro-
nization code 1s sync_len, the synchronization detection 1s
carried out only when O<bit_count %
sync_period=sync_len.

Furthermore, the synchronization code may be detected 1n
view ol errors in the synchronization code.

In the bit mnserting unit 211 of the output coding unit of
FIG. 3, 1t the code string 1s transformed by 1nserting bits so as
to have a humming distance of 2*n+1 or more from the
synchronization code 1n view of errors ol n bits or less, even
i 1t 1s determined that the code string having a humming
distance of n or less from a true synchromization signal 1s a
synchronization code, error synchronization detection does
not occur when the error of n bits or less 1s mixed.

FIG. 10 1s a block diagram of the code string resolver 903.
The mput code string 205' 1s switched into information bits
1021 and check bits 913 by means of a first switch 1002
controlled by a controller 1001 which will be described later.
When the information bits 1021 are outputted from the first
switch 1002, an information bit length of the information bits
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1021 are transmitted to a buiier 1004 via a second switch
1003 to be stored therein. A counter 10035 counts the number
of output bits from the second switch 1003. A comparator
1006 compares a counted value 1023 of the counter 1005 with
an information bit length 1024 outputted from an error cor-
rect-ing/detecting code information output unit 1007. When
both are the same, the counter 1005 is reset, the FEC kind
identifying signal 802 representative of the kind of an error
detecting/correcting code 1s latched by means of a latch cir-
cuit 1008, and the builer 1004 outputs the information bit
904. The output 914 of the latch circuit 1008 1s inputted to the
error correcting/detecting code information output circuit
1007, and outputted to the error correction/detection decoder
904 shown 1in FIG. 9.

As described above, the check bits of the error correcting/
detecting code are displaced to be arranged between the infor-
mation bits of the error correcting/detecting code after the
code string 205. The controller 1001 controls so that the
displaced check bits are separated from the mnformation bits.
When the input of the information bits of the error correcting/
detecting code of one block 1s completed, the counted value
1023 corresponds to the information bit length 1024 in the
comparator 1006. In response thereto, the controller 1001
receives a check bit length 10235 from the error correction/
detection information output unit 1007, and calculates the
positions of the check bits arranged between the next infor-
mation bits. When 1t 1s determined by the comparator 1006
that both correspond to each other, assuming that the counted
value 911 of the number of input bits of the code string 205' 1s
bit_count and the check bit length 1s check_len, the check bit
starting position check_start 1s check_start=(bit_count/sync_
period+1)*sync_period-check_len, and the check bit end
position check end 1s  check end=(bit_count/sync_
period_+1)*sync_period. The controller 1001 controls the
switch 1002 so that the check bits 913 are outputted from the
check start to the check end of the counted value 911.

Since the end of one frame i1s a degenerate code and the
error correction/detection encoding thereof 1s carried out, 1t 1s
specially processed. When reaching the end of one frame, a
signal 803 representative of the detection of the next frame 1s
outputted. In response to this signal 803, the controller 1001
calculates the positions of the check bits of the last error

correcting/detecting code of the frame and the number of

insuificient bits of the information bits. It 1s assumed that the
counted value 911 of the number of bits of the code string 205
inputted when starting to input the last error correcting/de-
tecting code of one frame1s pre_last_count, the counted value
911 when the input of the code string 205" of one frame 1s
completed 1s total_count, the counted value 911 during the
process 1s bit_count, the check bit length of the last error
correcting/detecting code of one frame 1s last_check_len, and
the check bit length of the error correcting/detecting code
immediately before of the last error correcting/detecting code

1s pre_last check len. First, the excess and deficiency of

information bits due to the error correcting code being a
degenerate code and due to the 1nsertion of bits 1s calculated.
Among the information bits of the last error correcting/de-
tecting code of one frame, the number of bits contained in the
output code string, 205, last_info_len, 1S
last_info_len=total_count-last_check len-pre_last_count-

pre_last_check len. When last_info_len is shorter than the
information length of the error correcting code info_len, 1t 1s
determined that the error correcting code i1s a degenerate
code. In addition, when the counted value 1023 is in the range
of from last_into len to info len, the switch 1021 1s switched
to a bit pattern outputted from an mserted bit generator 1015,
to make-up for the deficiency of mformation bits due to
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degeneracy. The output bit pattern from the inserted bit gen-
crator 1015 generates the same bit pattern as that of the
inserted bit generator 705 of FI1G. 7 of the encoder.

On the other hand, when last_info_len 1s longer than
info_len, 1t 1s determined that the error correcting code 1s the
inserted bit part, so that the information bits 912 are not
outputted for the portion wherein the counted value 1023 1s
equal to or greater than info_len. With respect to the check
bits, the switch 1002 1s controlled so as to output, as check
bits, the output code string 205 when total_count-
check len<bit count=total count.

The error correction/detection decoder 904 receives the
information bits 912 and the check bits 913, which are out-
putted from the code string resolver 903, and decode the error
correcting/detecting code on the basis of the FEC kind 1den-
tifying signal 914 representative of the kind of the error cor-
recting/detecting code latched by the latch circuit 1008 of
FIG. 10, to output an error corrected code string 915 and an
error detection signal 804.

The error corrected code string 915 1s inputted to the mput-
ted bitremover 905. The inserted bit remover 905 removes the
inserted bits for preventing the pseudo synchronization signal
inserted by the bit inserting unit 211 of the output coding unit
200. As described above, since the bit insertion is carried out
only at the synchronization inserting position, the synchroni-
zation 1nserting position 1s determined on the basis of the
counted value 911 of the counter 902.

For example, when the synchronization code word 1s that
shown 1 FIG. § and when the bit inserting unit 211 inserts
bits 1nto the portion 0000 . .. ” of the first sync_len bits of the
synchronization code so that the humming distance from the
synchronization code 1s greater than 2*n+1, the number of
“1”s (=n0) of “sync_ 0 _len—(2*n+1)"" bits from the synchro-
nization code inserting position 1s counted. When the nO 1s
equal to or less than 2*n+1, 2*n+1-n0 bits are removed.
However, since it 1s determined that the inserted bit 1s “1”,
when the bit determined as the 1nserted bit by the inserted bit
removing unit 905 1s “07, 1t 1s considered that an error 1s
mixed 1n the synchronization code mnserting interval. In this
case, the error detection signal 804 1s outputted.

Thus, the code string 801 decoded by the input decoding,
umt 800 1s 1nverse multiplexed by means of the demulti-
plexer 811. This 1s operation for separating and output-ting
the multiplexed code word as shown 1n FIG. 2. This mverse
multiplexer 811 works with the first and second variable
length decoders 806 and 810.

First, when the synchronization code detection signal 803
1s mnputted from the output decoding system 800, the demul-
tiplexer 811 returns to the 1nitial state of the frame process.
Then, the kind of the error correcting/detecting code to the
picture header 1s outputted as the FEC kind identifying signal
802 representative of the kind of the error correcting/detect-
ing code, and the code string 801 1s inputted to decode the
picture header 302, so that i1t 1s determined whether there 1s no
error 1n the picture header. When there 1s no error, the kind of
the error correcting/detecting code to the prediction mode
information 303 1s outputted as the FEC kind identifying
signal 802, and the code string 801 1s mnputted to demultiplex
the prediction mode mformation to output 1t to the second
variable length decoder 810.

When all the prediction mode information 1s decoded, the
second variable length decoder 810 outputs a signal represen-
tative thereof to the demultiplexer 811. In response thereto,
the demultiplexer 811 outputs a FEC kind identifying signal
representative of the kind of an error correcting/detecting
code to the motion vector information 304, and starts the
demultiplexing of the motion vector mformation 304. The
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demultiplexed motion vector information 1s outputted to the
second variable length decoder 810 to be decoded. When the
decoding of all the motion vector information 1s completed, a
signal representative thereof 1s outputted from the second
variable length decoder 810 to the demultiplexer 811. In
response thereto, the demultiplexer 811 outputs a FEC kind
identifying signal representative of the kind of an error cor-
recting/detecting code to the residual DCT coetficient, and
demultiplexes the residual DCT coetficient 305 which 1s out-
putted to the first variable length decoder 806.

As described above, the kind of the error correcting-/de-
tecting code 1s determined on the basis of the multiplexing,
rule which 1s defined 1n the demultiplexer 811 so as to be the
same as that of the output coding unit 200. Therefore, the
output code string 205 1s not required to contain the header
information representative of the error correcting/detecting
code and so forth.

In the error correction/detection decoder 904, 1t may be
detected by the error detection code that an error 1s mixed 1n
the input code string 205'. In addition, as described above, an
error of the serted bits may be detected by the inserted bit
removing unit 905. In these cases, the error detection code
804 1s outputted from the mnput decoding unit 800. Moreover,
when a code word, which does not exist 1n the variable length
code word table, 1s detected 1n the variable length decoding
process, 1t 1s determined that an error 1s mixed. In addition,
when 1t 1s determined that a part 1s against the multiplexing,
rule in the demultiplexing process 1n the demultiplexer 811, 1t
1s determined that an error 1s mixed. In these cases, the input
decoding unit 800 and the demultiplexer 811 carry out the
following processes so as not to greatly deteriorate the recon-
structed 1mage.

(1) When an error 1s detected 1n the residual DCT coedli-
cient, the residue of the corresponding part 1s set to be 0.
When a intra coding mode 1s selected as a prediction mode,
the reconstructed image signal 1n the corresponding region
may be predicted on the basis of the reconstructed image
signal in the reconstructed frame and the surrounding region.

(2) In a case where an error 1s detected in the prediction
mode information and the motion vector, when the prediction
mode information and the motion vector information in the
region, in which the error 1s detected, can be presumed on the
basis of the prediction mode information and the motion
vector mnformation in the surrounding region, the presumed
information are used. When it 1s impossible, the reconstructed
image signal 1n the corresponding region 1s predicted on the
basis of the reconstructed image signal 1n the reconstructed
frame and the surrounding region.

(3) When an error 1s detected 1n a picture header, 11 the
picture header 1s used as 1t 1s, there 1s probability that the
picture quality 1s very greatly deteriorated. Therefore, the
reconstructed 1image of the last frame 1s used as the recon-
structed 1mage of the current frame.

In the atorementioned processes (1), (2) and (3), when the
error has the influence on the subsequent codes to the next
synchronization code because of the use of the variable length
coding, the same processes are carried out for that portion.

While 1t has been described that the synchronization code
detector 901 detects synchronization codes only at the syn-
chronization code 1mserting positions (at intervals of sync_pe-
r1od bits), the loss of bits and/or the mnsertion of error bits may
occur 1n a transmission/storage medium. In such a case, the
synchronization codes may be detected at positions other than
the synchronization code inserting positions, and it may be
determined that the positions, at which the synchronization
codes are detected, are synchronization code inserting posi-
tions.
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SECOND PREFERRED

EMBODIMENT

Referring to FIGS. 12 through 14, the second preferred
embodiment of the present invention will be described below.

In this preferred embodiment, a dynamic 1mage coding
system and a dynamic image decoding system can surely
detect synchronization even 1f a code string 1s transmit-ted/
stored 1n a transmission line/storage medium 1n which the
number of bits 1s decreased due to the loss of a part of a bit
string or the number of bits 1s increased due to the addition of
excessive bits.

FIG. 12 1s a block diagram showing the principle of a
process for detecting synchronization when such addition/
loss of bits occurs. It 1s assumed herein that the right synchro-
nization code comprises “0”’sof sync__ 0 _lenbitsanda“1” of
one bit as shown 1n FIG. 12(a). Furthermore, in FIG. 12, “x”
denotes a bit other than a synchronization code.

FIGS. 12(b) through 12(e) show how the synchronization
code 1s changed by the addition/loss of bits. It 1s assumed
herein that the number of added/lost bits (N1d) 1s one bit at the
maximum. FIG. 12(d) shows that one bit 1s eliminated from a
bit string before a synchronization code, so that the whole
synchronization code 1s shifted forwards by the one bit. FIG.
12(c) shows that one bit 1s added to a bit string before a
synchronization code, so that the whole synchronization code
1s shifted backward by the one bit. FIG. 12(d) shows that a bit
1s eliminated from a synchronization code, so that the bits
after the bit eliminating position indicated by the arrow are
shifted forward by one bit. Moreover, FIG. 12(e) shows that
one bit 1s added to a synchronization code at the bit adding
position mdicated by the arrow, so that the bits after the bit
adding position are shifted backwards by the one bit.

In order to correctly detect synchronization even if the
addition/loss of bits occurs, 1t 1s required to determine that the
bit strings shown in FIGS. 12(b) through 12(e) are synchro
nization codes. As can be seen from FIG. 12, the number of
“1”s contained 1n the interval of £Nid bits at the right syn-
chronization code inserting positions 1s sync_ 0 _len-3*Nid
bits at the maximum. Therefore, synchronization may be
detected 1n the interval of £Nid bits at the synchronization
code inserting positions on the decoding side, and 1if the
number of “1”’s contained in this range 1s less than the afore-
mentioned value, it may be determined to be a synchroniza-
tion code. In addition, 1n the coding system, code strings are
transformed so that bit patterns of FIGS. 12(b) through 12(d)
do not occur.

Mainly with respect to the difference from the first pre-
terred embodiment, such coding/decoding systems will be
described below.

The whole construction of the second preferred embodi-
ment of a dynamic 1image coding system, according to the
present ivention, 1s the same as that of the first preferred
embodiment of a dynamic image coding system, except for
the operation of the bit inserting unit 211 of FIG. 3. FIG. 13
shows the operation of the bit inserting umit 211. That 1s, inthe
bit inserting unit 211 in the first preferred embodiment, the bit
inserting operation 1s carried out only at the synchronization
code inserting interval. On the other hand, 1n the bit inserting
unit 211 1n the second preferred embodiment, the bit insertion
1s carried out 1n a synchronization code inserting interval of
+N1d bits 1n order to prevent the same bit pattern as the
synchronization code from being produced even if the addi-
tion/loss of Nid bits occurs at the maximum.

Assuming that the counted value 221 1n FIG. 3 1s total _len
and the interval between the adjacent synchronization code
iserting positions 1s sync_period, the bit inserting unit 221
counts the number o1 “1”’s (assumed to be=n0) 1n the region of
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total_len mod sync_period=sync_ 0 _len-1-3*Nid on the
basis of total_len mod sync_period=sync_period-Nid (mod:
excess operation), and mserts “17’s of “3*Nid+1-n0" 11 n0 1s
less than 3*Nid+1.

FIG. 13 shows an example of the operation of the bit
mserting unit 211 when sync_period=12, sync_ 0 _len=9,
and Nid=1. In this example, since n0=2, “1”’s of 3*Nid+1-
n0=2 bits are inserted.

By such bit insertion, 1t 1s ensured that the number of *“0”’s
of £Nid bits in the synchronization code inserting interval 1s
equal to or greater than 3*Nid bits, so that 1t 1s possible to
uniformly 1dentily synchronization codes.

On the other hand, the whole construction of the second
preferred embodiment of a dynamic image decoding system,
according to the present mvention, 1s the same as that of the
first preferred embodiment, except for the operations of the
synchronization detector 901 and the inserted bit remover 905
in FIG. 9. FIG. 14 shows the operation of an inserted bit
remover 903.

That 1s, the synchronization detector 901 detects synchro-
nization codes 1n the range of £Nid bits before and after the
synchronization code inserting position, in order to detect
synchronization even 1f the addition/loss of Nid bits occurs at
the maximum.

First, 1t 1s determined whether synchronization codes exist
at every synchromization code inserting position. That 1s,
assuming that the counted value 911 of the counter 902 1s bit
count, the number of “0”s (assumed to be=ns0) in the range of
bit_count mod sync_period=sync_ 0 _len—1+Nid 1s counted
on the basis of bit_count mod sync_period=sync_period-
Nid. When n0 1s below 3*Nid, 1t 1s determined that a synchro-
nization code exists 1n this region.

FI1G. 14 shows operation when sync_period=12, sync_ 0
len=9, and Nid=1. In this example, the number of “0’s 1s
counted in the range that (bit_countmod sync_period) is from
“1” to “8”. In the example of FIG. 14, since ns0=2, it 1s
determined that a synchronization code exists.

Then, 1t 1s determined what bits the code string 1s shifted by
the addition/loss of bits in the synchronization code inserting,
interval, 1n which 1t 1s determine that a synchronization codes
exists. In the case of sync__ 0 _len bits shown i FIG. 14, the
shifted amount from the position of the last “1” 1s determined.
Specifically, after searching a *“1”” which first appears from the
(sync__0 _len+1 bits) th from the head of the synchromization
code determiming region, 1t 1s dertved which bit the searched
“1”1s from the head of this synchronization code determining
region (assuming that this 1s first_ 1 _position bit). On the
basis ofthe derived results, the shifted amount i1s derived from
“the number of shifted bits=first 1 _pos—(sync_ 0 _len+1+
Ni1d)” (forward shift in the case of negative, and backward
shift 1n the case of positive). In the example of FIG. 14, since
first_ 1 _pos=10, the number of shifted bits=10-(9+1+1)=-1,
so that 1t 1s found that the code string 1s shifted forward by one
bit.

Unlike the first preferred embodiment, 1n the 1nserted bit
remover 905, the inserted bit removing process 1s carried out
in the interval of £N1d bits before and after the synchroniza-
tion code 1nserting position. That 1s, on the basis of bit_count
mod sync_period=sync_period—Nid, the number of “1”’s (as-
sumed to be=n0) 1s counted in the region of bit_count mod
sync_period=sync_ 0_len—1-3*Nid. When the n0 1s equal to
or less than 3*Nid+1, the “1”s of 3*Nid+1-n0 bits are
removed.

In the second preferred embodiment, 11 the region, 1n which
the addition/loss of bits occurs 1n a transmission line or a
storage medium, can be determined by some method, the
synchronization detecting process, the bit inserting process
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and the bit removing process, which consider the addition/
loss of bits, may be carried out only in that region.

Furthermore, also in the dynamic image decoding system
in the first preferred embodiment as described above, the
synchronization detection corresponding to the addition-/loss
of bits 1n a transmission line and/or a storage medium 1s
carried out. Therefore, the synchronization detector 901 may
detect synchromization in the synchroni-zation code inserting
interval, 1.e., in the interval of £Nid bits, similar to the second
preferred embodlment In this case, although a pseudo syn-
chronization, which is erroneously determined to be a syn-
chronization code while being a portlon other than the syn-
chronization code, may be produced, 1t 1s possible to inhibit
the quality of a reproduced image from being deteriorated due
to synchromization detection error 1n a transmission line and/
or a storage medium which tends to cause the addition/loss of
bits, so that the picture quality can be improved.

In addition, if the region, 1n which the addition/loss of bits
occurs 1n a transmission line and/or a storage medium, can be
determined by some process, that process may be carried out
only in that region, and a usual synchronization detection may
be carried out in other regions.

Moreover, inthe first and second preferred embodiments as
described above, the synchronization may further protected
using information representative of the length of a frame
(which will be heremnafter referred to as a “frame length
information™). FIGS. 15, 16 and 17 show examples of code
strings using a frame length information POINTER.

In the example of FIG. 15, a frame length 1information
POINTER and a check bit CHKP of an error correcting/
detect-ing code for protecting the frame length information
POINTER are arranged immediately after a synchronization
code PSC. The number of bits of the last frame, 1.e., informa-
tion representative of the number of bits from the synchroni-
zation code of the last frame to the synchroni-zation code of
the current frame, 1s stored 1n the frame length information
POINTER.

The coding system counts the number of bits a code string,
of one frame to transform the counted number into a frame
length POINTER, and carries out the error correction-/detec-
tion encoding to produce a check bit CHKP. Then, as shown
in FIG. 15, the coding system produces a code string imme-
diately after the synchromzation code of the next frame.

On the other hand, after the decoding system detects syn-
chronization codes by the same method as those 1n the first
and second preferred embodiments, 1t takes the subsequent
frame length information POINTER and the check bit CHKP
out of the code string, and carries out the error correction/
detection decoding to decode the frame length information

POINTER. Then, the decoded frame length infi

ormation
POINTER 1s compared with a value derived by counting the
number of bits from the last detected synchronization code to
the current synchronization code (frame length counted
value), to check whether there 1s no error detection of syn-
chronization codes.

If the frame length counted value 1s different from the code
length of the last frame indicated in the frame length infor-
mation POINTER, there 1s probability that a synchroni-
zation code 1s erroneously detected, so that the erroneously
detected synchronization code i1s detected again using the
frame length mformation POINTER. That 1s, 1t 1s assumed
that a synchronization code, which could not detected, exists
betore the current synchronization code by the number of bits
indicated by the frame length information POINTER. In this
case, the iterval between the last detected synchronization
code and the current synchronization code 1s divided into two

frames, 1.e., the interval between the last synchronization
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code and the position indicated by the frame length 1nforma-
tion POINTER, and the interval between the position and the
current synchronization code, to carry out the decoding pro-
CEesS.

However, 11 the number of bits indicated by the frame-
length information POINTER 1s greater than the number of
bits from the last detected synchronization code to the current
synchronization code, 1t 1s assumed that the frame length
information POINTER 1s erroneous, so that the atoremen-
tioned synchronization re-detecting process 1s not carried out.

If the numbers of bits of the frame length information
POINTER and the check bit CHKP are great, the synchroni-
zation code PSC, the frame length information POINTER,
and the check bit CHKP may extend 1n a plurality of synchro-
nization intervals as shown in FIG. 16. In this case, the bit
inserting process in the coding system and the bit removing
process 1n the decoding system, which are performed 1n order
to maintain a constant humming distance between a code
string other than a synchromization code and the synchroni-
zation code, may not be carried out in an interval 1n which the
frame length information POINTER and the check bit CHKP
exist.

In the examples of F1IGS. 15 and 16, 1n a case where the end
half of a synchromization code PSC contains information
representative of the kind of the synchronization code (the
distinction between a frame synchronization code, a GOB
synchronization code and so forth), the frame length infor-
mation POINTER 1s notonly protected, but the end half of the
synchronization code PSC may be also protected by an error
correcting code. Thus, since the kind of a synchronization
code can be accurately detected 1n addition to the position of
the synchronization code, the resistance to errors can be fur-
ther improved.

In the example of FIG. 17, a frame length information
POINTER and a check bit CHKP are arranged at the end of a
frame (1immediately before a synchronization code in the next
frame). In this case, after the decoding system detects the
synchronization code in the next frame, 1t takes out a frame
length mformation POINTER and a check bit CHKP imme-
diately before the detected synchronization code to carry out
the error correction/detection decoding, to carry out the re-
detection of the synchronization code by the same processes
as those of FIGS. 15 and 16.

In the example of FIG. 15, since the synchronization codes
exist only at the synchronization code inserting positions, the
frame length information POINTER to be recorded may be a
value derived by dividing the number of bits of the frame by
a synchronization code inserting interval (=sync_period bits).
Thus, the frame length can be indicated by a smaller number
of bits.

In addition, in the first and second preferred embodiments,
while there has been shown examples of a hierarchical coding,
tor changing an error correcting/detecting code 1n accordance
with the importance of the coded imnformation, the same error
correcting/detecting code may be used in the frame, or no
error correcting/detecting code may be used. In such cases, 1t
1s possible to improve the capabaility to detect synchronization
in comparison with conventional systems, by using the bit
iserting process for maintaining a code string other than a
synchronization code at a humming distance greater than a
predetermined value from the synchronization code, and the
synchroni-zation code detecting process corresponding to the
bit inserting process, as described in this preferred embodi-
ment.

In addition, 1n the aforementioned preferred embodiments,
while 1t has been shown that a dynamic image signal 1s high-
elficiency compression encoded to be transmitted/stored, the

5

10

15

20

25

30

35

40

45

50

55

60

65

26

present invention may be applied to the transmission/storage
ol a static 1image, voice, data or the like. For example, when
the high-efficiency compression coding of a static image sig-
nal 1s carried out using the orthogonal transtorm, the error
correcting-/detecting code may be switched so as to more
strongly carry out the error protection of a low component of
a transiform coeflicient. In the method for modeling and
encoding voice into a driving source and a vocal tract filter,
the error correcting/detecting code may be switched so as to
more strongly carry out the error protection of a pitch cycle, a
vocal tract parameter and so forth.

THIRD PREFERRED

EMBODIMENT

The third preferred embodiment of the present invention
will be described below. In this preferred embodiment, the
error correcting/detecting code 1s not used. At this point, this
preferred embodiment 1s different from the first and second
preferred embodiments.

FIG. 18 1s a block diagram of a dynamic image coding,
system 1n this preferred embodiment. Using the same refer-
ence numbers as those 1n FIG. 1 for the parts corresponding to
those 1n FIG. 1, the different points from the first preferred
embodiment will be mainly described. In this preferred
embodiment, the construction and operation of an output
coding unit 200 are different. In addition, although the basic
operation of a multiplexer 111 1s the same as the multiplexer
111 of FIG. 1, the multiplexer 111 1n this preferred embodi-
ment outputs only a multiplexed code string 201 and a syn-
chronization code insertion request signal 203 since the error
correcting-/detecting code 1s not used.

FIG. 19 1s a block diagram of the output coding unit 200 of
FIG. 18. The output coding unit 200 comprises a counter 1701
for counting the number of bits of an output code string 205,
a switch 1703 for switching the output code string 205, a
switch controller 1704 for controlling the switch 1703, and a
stulling bit generator 1705 for generating stuiling bits.

FIG. 20 shows an example of an output code string 205
generated by the output coding unit 200 of FIG. 19. The same
signs as those 1n FIG. 4 are used for code words correspond-
ing to those of the output code string of FI1G. 4. Similar to FIG.
4, each of synchronization codes PSC 1s inserted only at any
one ol synchromization code inserting positions, which are
arranged periodically, 1.e., at regular intervals (sync_period
bits) and which are indicated by arrows. FIG. 20 does not

contain the check bit CHK 1for the error correcting/detecting
code. At this point, FIG. 20 1s different from FIG. 4. A stuiling
bit STUFF 1s mserted 1nto the end part of one frame of the
output code string 205 so that a synchronization code PSC 1s
inserted at the synchronization code 1nserting position. The
number of bits of the stuiling bit STUFF 1s equal to or less
than sync_period.

The construction and operation of the output coding unit
200 of FIG. 19 for producing such an output code string 205
will be described 1n detail below.

The counter 1701 1s set to be “1” when a synchronization
code 1nsertion request signal 203 1s inputted from a multi-
plexer 111 thereto and an 1nitial bit of a synchromization code
301 1s mnputted thereto as a multiplexed code string 201, and
it 15 set to be a synchronization code length sync_len when all
the bits of the synchronization code 301 are mputted thereto.
Thereatter, the counter 1701 counts up sequentially from the
next bit of the synchronization code 301 until a bit immedi-
ately before the next synchronmization code 1s outputted.

When bits from the initial bit of the synchronization code to
the bit before the next synchronization code are inputted as a

multiplexed code string 201, The switch controller 1704 con-
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trols the switch 1703 so as to switch the switch 1703 to the
multiplexed code string 201 to output the multiplexed code
string 201 as an output code string 205.

Then, at the last part of one frame, the bit insertion (bit
stulling) 1s carried out so that the next synchronization code 1s
inserted at the synchromization code 1nserting position. The
multiplexer 111 output a synchronization code 1insertion
request signal 203 for the next frame when the output of the
multiplexed code string 201 of one frame 1s completed. In
response thereto, the switch controller 1704 switches the
switch 1703 to the stulfing bit generator 1705 to output a
stulling bit 1223 as an output code string 205. The stulfing bit

1223 may have all the bits of “1”” or *“0”, or a specific pattern
such as “0101 ...,

This preferred embodiment of a dynamic image decoding
system, according to the present imnvention, will be described
below.

FIG. 21 15 a block diagram of a dynamic image decoding
system corresponding to the dynamic image coding system of
FIG. 18. Using the same reference numbers as those 1n FIG.
8 for parts corresponding to those 1n FIG. 8, the different
points from the first preferred embodiment will be mainly
described. In this preferred embodiment, the construction and
operation of an mput coding system 800 are different from
those 1n the first preferred embodiment. In addition, signals
inputted from the input decoding unit 800 to a demultiplexer
811 are only a code string 801 and a synchronization code
detection signal 803, and no signal i1s mputted from the
demultiplexer 811 to the input decoding unit 800.

FI1G. 22 1s a block diagram of the input decoding unit 800.
The mput decoding unit 800 comprises a synchroniza-tion
detector 1901 for detecting a synchronization code 1n an input
code string 205', and a counter 1902 for counting the number
of bits of the input code string 205"

The counter 1902 1s reset to be “0” at the 1mitial stage of
decoding, and counts up a counted value 1911 for each “1”

every time one bit of the mput code string 205" 1s inputted.

The synchronization detector 1901 detects synchroniza-
tion codes only at the synchronization code inserting posi-
tions on the basis of the counted value 1991 of the counter
1902. For example, assuming that the synchroni-zation code
iserting interval 1s sync_period, the counted value 1911 1s
bit_count, and the length of the synchroni-zation code 1s
sync_len, the synchronization detection 1s carried out only
when O<bit_count mod sync_period=sync_len, whereimn A
mod B denotes a remainder when A 1s divided by B. The
synchronmization detector 1901 outputs a synchromization
code detection signal 803 when a synchroni-zation code 1s
detected.

The code string 801 from the input decoding unit 1s iput-
ted to the multiplexer 811 while the input code string 205' 1s
outputted as 1t 1s. Thereafter, similar to the dynamic image
decoding system ol F1G. 21, the demultiplexing and decoding
processes are carried out.

In a case where the last stulling bit STUFF of the frame 1s
a predetermined bit pattern, 1t 1s determined whether the
stulling bit STUFF corresponds to a predetermined pattern in
the demultiplexer 811. When it does not correspond thereto, it
1s determined that there 1s an error 1n the mput code string
205", so that the process for preventing the picture quality
from being greatly deteriorated, which has been described
with respect to the dynamic image coding system 1n the first
preferred embodiment, may be carried out.
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FOURTH PREFERRED EMBODIMENT

The fourth preferred embodiment of the present invention
will be described below.

In this preferred embodiment, the whole construction of a
dynamic 1mage coding system 1s the same as that of the
dynamic 1image coding system of FIG. 18, and the operation
of an output coding unit 1s different from that 1n the third
preferred embodiment.

FIG. 23 15 a block diagram of an output coding unit 200 1n
FIG. 18. Using the same reference numbers for parts corre-
sponding to those of the output coding unit of FIG. 19, the
difference from the output coding unit of FIG. 19 1s that a bat
inserting unit 1211 for carrying out the bit stufling process for
preventing a pseudo synchronization code 1s added.

In the bit inserting umt 1211, the bit insertion for prevent-
ing a pseudo synchronization for occurring is carried out for
the multiplexed code string 201. Since 1t 1s not possible to
uniformly decode a synchronization code 1f the same bit
pattern as the synchronization code 1s contained in the output
code string 203, the bit 1nsertion 1s carried out 1n order to
prevent this. For example, as shown in FIG. 5, when the
synchronization code comprises “0”’s of sync_ 0 _len bits, a
“1” of one bitand “xxxxx’’ of sync_nb_len bits representative
of the kind of the synchronization code, 1t 1s possible to
prevent a pseudo synchronization from occurring 1f a “1” 1s
inserted so that “0”s of sync_ 0 _len bits or more are not
continuously arranged in the code string other than the syn-
chronization code.

The synchronization code 1s inserted only 1into the synchro-
nization code mnserting system. Therefore, the bit inserting,
operation for preventing the pseudo synchronization from
occurring may be carried out only at the synchronization code
inserting positions. Thus, 1t 1s determined whether 1t 1s
required to carry out the bit insertion on the basis of a counted
value 1221 representative of the total number of bits of an
output code string 205. Assuming that the counted value 1221
1s total_len, the number of “1”’s 1n the multiplexed code string
201 1S counted n an interval of
O<total_len_mod_sync_period=sync_0 _len. If no “1”
exists 1n this interval, a “1” of one bit 1s 1inserted. Herein, A
mod B denotes a remainder when A 1s divided by B.

In addition, 1n order to decrease the probability of the error
detection of a synchronization code due to error, the bit inser-
tion may be carried out as follows.

In order to detect a synchromization codes even 1 an error
ol n bits 1s mixed 1nto the synchronization code, 1t 1s required
to determine that a code word having a hamming distance of
n or less from a true synchronization code 1 an mput decod-
ing unit of a dynamic 1image decoding system as described
later 1s a synchronization code. However, 11 such a determi-
nation 1s carried out while the code strings other than the
synchronization code are as they are, bit pattern having a
hamming distance of n or less from the synchronization code
may exist even 1n the code strings other than the synchroni-
zation code. If this 1s arranged at the synchronization code
iserting position, 1t may be erroneously determined to be the
synchronization code.

Therefore, the following bit msertion mto a multiplexed
code string 201 1s carried out by means of a bit inserting unit
211, so that the code strings other than the synchronization
codes arranged at the synchronization code inserting posi-
tions in the multiplexed code string 201 are transformed so as
to have a humming distance of 2xn+1 or more from the
synchronization code. Specifically, the number of “1”’s (as-
sumed to be n0) 1s counted 1n an interval in which O<total_len
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mod sync_period=sync_ 0 _len—(2xN+1). If nO 1s less than
2xn+1, “17s of 2xn+1-n0 bits are inserted into the multi-
plexed code string 201.

With respect to a code string 1222, 1n which the bit inser-
tion has been thus carried out, the bit insertion (STUFF in
FIG. 20) 1s carried out 1n the last interval of the frame similar
to the output coding unit of FIG. 19, to be outputted as an
output code string 205.

This preferred embodiment of a dynamic image decoding,
system, according to the present imnvention, will be described
below. The whole construction of this dynamic image decod-
ing system 1s the same as that of the dynamic image decoding
system of FIG. 21, and the operation of an 1put coding
system 800 thereof 1s different from that 1n the third preferred
embodiment.

FI1G. 24 1s a block diagram of an input decoding unit 800.
Using the same reference numbers for parts corres-ponding to
those of an input decoding unit of FIG. 22, the difference
between this preferred embodiment and the third preferred
embodiment will be mainly described. In this preferred
embodiment, a bit removing umt 1905 1s added.

An 1nput code string 205" i1s inputted to an inserted bit
remover 1905, and a process for removing inserted bits 1s
carried out 1n order to prevent a pseudo synchronization code
inserted by a bit inserting unit 1211 of the output coding unit
of FIG. 23. As described above, since the bit 1nsertion 1s
carried out only at the synchronization code inserting posi-
tions, the synchronization code inserting positions are deter-
mined on the basis of a counted value 1911 of a counter 1902.

For example, assuming that the synchronization code 1s a
code word shown 1n FIG. 5 and when the bit inserting unit
1211 carries out the bit insertion into the initial portion
“0000 .. .” of the synchronization code so that the humming
distance from the synchronization code 1s greater than 2xn+1,
the number of “1”s of sync_ 0 _len—(2xn+1) bits from the
synchronization code 1nserting position 1s counted. When the

n0 1s less than 2xn+1, 2xn+1-n0 bits are removed.

Since it 1s determined that the inserted bit 1s “1”°, when the
bit determined to be the inserted bit 1s “0”, 1t 1s considered that
an error 1s mixed 1n the synchronization code inserting inter-
val. In this case, an error detection signal (not shown) may be
outputted to a demultiplexer 811, and the same process as that
in the first preferred embodiment may be carried out so as to
prevent a reproduced 1image from being greatly deteriorated.

The bit mserting process by the bit inserting unit 1211 of
FIG. 23 may be carried out so that the mnserted bits of a
predetermined number of bits are inserted into all the syn-
chronization code inserting intervals other than the synchro-
nization code. FIG. 25 shows an example of an output code
string 2035 when such a bit inserting process 1s carried out. In
the drawing, SB denotes an inserted bit.

For example, as shown in FIG. 5, when a synchromization
code comprises “0”s of sync__ 0 _len bits, a “1” of one bit and
“xxxxx of sync_nb_len bits representative of the kind of the
synchronization code, an inserted bit SB of one bit 1s inserted
at a predetermined position of an interval of sync_ 0 _len bits
from the head of the synchronmization code inserting interval.

The mserted bit SB may be always “1”. In addition, in
accordance with a bit pattern 1n an interval of sync_ 0 _len
bits from the head of the synchronization code inserting inter-
val, the inserted bit SB may be suitably determined so that the
number of “1”’s 1n the 1nterval 1s equal to or greater than 1.

Moreover, the inserted bit SB may be an odd parity 1n an
interval of sync__ 0 _len bits from the head of the synchroni-
zation code 1nserting interval, to prevent the same bit pattern
as the synchronization code from occurring and to detect an
error mixed into this bit pattern.
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FIG. 25(b) shows an example of an output code string, 1n
which such a bit inserting process 1s carried out. In this
example, an 1nserted bit SB of 1 bit 1s inserted into the 1nitial
portion from the synchronization code inserting position.
This 1nserted bit SB 1s determined so that the number of *“17’s
in an interval of the mserted bit SB and sync_ 0 _len-1 bits
from the next bit1s always an odd number. For example, in the
lett example of FIG. 25(b), the inserted bit SB 1s “1”. In
addition, in the right example of F1G. 25(b), since the inserted
bit SB 1s “1” even if all the bits are “0” in the interval of
sync__ 0 _len-1 bits from the next bit to the inserted bit SB,
“1”’s 01 1 bit or more always exist in the synchronization code
iserting interval, so that the same bit pattern as the synchro-
nization code 1s not produced. In addition, since the mserted
bit SB serves as a parity check, it 1s possible to detect a bit
error mixed 1nto this interval.

In addition, the mserted bit SB may be an odd parity check
bit for all the bits before the next synchronization code insert-
ing position. However, in order to prevent the same bit pattern
as the synchronization code from occurring only when all of
sync_ 0 _len—1 bits from the next bit to the inserted bit SB are
“07”, the mserted bit SB 1s always set to be “1”. Thus, it 1s
possible to carry out the error detection by the parity check of
all bits.

In order to decrease the probability of the error detection of
a synchronization code due to error, 1t 1s desired to insert more
bits. For example, 1n order to correctly detect synchronization
even 1f an error of n bits 1s mixed, “1”’s of 2xn+1 bits are
inserted into a predetermined position 1n this interval.

In this preferred embodiment, the operation of the bit
removing unit 1905 of FI1G. 24 1s different so as to correspond
to the operation of the aforementioned bit inserting unit 1211.
That 1s, the bit removing unit 19035 removes the mserted bit
SB at a predetermined position, at which the bit insertion has
been carried out by the bit inserting unit 1211.

In a case where the mserted bit SB 1s always “17, it 1s
determined that a bit error exists when a bit at the bit inserting
position in the mput code string 205" 1s “0”, so that an error
detection signal (not shown) may be outputted to the inverse
multiplexer 811 so as to prevent a reproduced 1mage from
being greatly deteriorated.

In the first through fourth preferred embodiments, while
the prediction mode information 303, the motion vector infor-
mation 304 and the residual DCT coetlicient 305 have been
multiplexed 1n the multiplexer 111 for each coding frame as
shown 1n FIG. 2, the predication mode information 303, the
motion vector information 304 and the residual DCT coetii-
cient 305 may be multiplexed for each coding region (e.g., a
macro block, GOB) as shown in FIG. 26. In this case, the
picture header 302 and the other information may have diit-
ferent error correcting/detecting code, or the same error cor-
recting/detecting code. Alternatively, an error correcting/de-
tecting code may be used for only the picture header or for a
partof acode string of a predetermined number of bits of each
frame, or no error correcting/detecting code may be used.

In addition, the multiplexing may not be carried out only
for each frame (picture), but it may be also carried out for each
partof aframe or for each layer of a plurality of frames, so that
a synchronization code may be inserted for each of these
multiplexing units (layer unit).

FIG. 28 shows examples of such multiplexing. In the
examples of FIG. 28, the multiplexing processes are carried
out for each of four layers, 1.e., each macro block layer of a
plurality of coding blocks, each GOB layer of a plurality of
macro blocks, each picture (frame) layer, and each session
layer of a plurality of pictures. Among these layers, the ses-
s1on, picture and GOB layers use their synchromization sig-
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nals (SSC, SEC, PSC and GSC 1n the drawing), respectively.
Different codes are used for the SSC, SEC, PSC and GSC so
that it 1s possible to 1dentily which layer the synchromization
code 1s detected. When the synchronization code shown 1n
FIG. 5 1s used, these synchronization codes may be distin-
guished by the portion of sync_nb_len bits representative of
the kind of the synchronization code.

Also when such multiplexing is carried out, the same pro-
cesses as those for the frame synchronization code 1n the
preceding preferred embodiments may be carried out for a
part or all of the synchronization codes of the session, picture
or GOB. FIG. 29 shows an example of an output code string,
in which such a process 1s carried out. As shown 1n FIG. 29,
stulling bits STUFF are inserted betfore the PSC and the GSC,
and the SSC, PSC and GSC are inserted at the sync. hroniza-
tion code 1nserting positions indicated by arrows 1n the draw-
ing. Therefore, similar to the afore-mentioned preferred
embodiment which shows the frame synchronization code
PSC, the detection accuracy of each synchromization code can
be improved.

The same length information as the frame length informa-
tion POINTER of FIGS. 15, 16 and 17 may be added to each
synchronization code of the session, picture and GOB. In a
case where the frame length information POINTER 1s pro-
tected by the error correcting/detecting code as shown in
FIGS. 15 and 16, 11 the error correcting/detecting code 1s not
used only for the frame length information POINTER, but it
1s also used for a portion of sync_nb_len bits representative of
the kind of a synchronization code, 1t 1s possible to improve
the probability that the kind of the synchromization code, in
addition to the position thereof can be correctly detected. In
addition, a part or all of the header information (SH, PH and
GF 1n the drawing) of the session, picture and GOB may be
protected using the error correcting/detecting code, so that it

1s possible to improve the error resistance of each header
information.

In a case where the stulling process for preventing a pseudo
synchronization code 1s carried out as this preferred embodi-
ment, the following process may be carried out so that the
synchronization code inserting interval sync_period 1s equal
to or less than the length of the synchronization code.

First, the process 1n the output coding unit of the dynamic
image coding system will be described. It 1s assumed herein
that the synchronization code 1s a code word comprising “0”’s
of sync_ O _len bits and a ““1” of 1 bit as shown 1n FIG. 5. In
the output coding unit of FIG. 23, assuming that the counted
value 1221 representative of the number of bits outputted
from the bit inserting unit 1211 1s total_len, when a remainder
of division of total_len by the synchronization code 1nserting
interval sync_period 1s equal to a remainder of division of a
value, which 1s dertved by subtracting 1 from the number of
bits sync_ 0 _len of the mitial “0” of the synchromization
code, by sync_period, 1.e., when

total_len mod sync_period=(sync_ O_len-1) mod
sync_period

(1)
the number of “1”s (assumed to be nl) 1 the output bits
betore (sync__0_len-1) bits from the output bit at that time 1s
counted, and a “1” of 1 bit 1s mserted 11 no “1” exasts (1.e., 1f
nl1=0).

FI1G. 33(a) shows an example of an output code string, for
which such a process has been carried out. In the drawing,
cach of downward arrows indicates a synchroniza-tion code
inserting position, and a synchronization code comprises

“0’sof23 bits (1.e.,sync_ 0 _len=23),anda*1” of 1 bit. Inthe
shown example, a synchronization code inserting interval
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sync_period 1s 8, which 1s shorter than the length of the
synchronization code (=24 bits).

In the drawing, intervals 1 through 4 denote intervals for
counting the aforementioned nl. In each interval, the number
of “1”’s nlis sequentially counted. If n1=0, a stuiling bit 1s
inserted 1nto the next bit of the interval. Since nl>01n 1interval
1, 1t 1s not required to insert the stuiling bit. Since n1=0 1n
interval 2, a stufling bit 3301 of 1 bit 1s inserted into the next
interval. In interval 3, nl=1due to the inserted stulling bat
3301, so that 1t 1s not required to insert a stuiling bit.

If such a bit stuifing process 1s carried out, the same bit
pattern as a synchronization code does not exist at a portion
other than the synchronization code 1n an output code string,
so that no pseudo synchronization occurs.

On the other hand, in order to decrease the probability that
a synchronization code 1s erroneously detected due to trans-
mission line error, a bit insertion may be carried out as fol-
lows.

Even 1f an error of n bits enters a synchronization codes the
synchronization code can be correctly detected by carrying
out a bit inserting process so that a humming distance
between a portion other than the synchronization code and the
synchronization code 1n an output code string 1n a bit insertion
1211 1s equal to or greater than 2xn+1.

In this process, when a remainder dertved by dividing a
counted value 1221 total_len representative of the total num-
ber of bits of the output code string 205 of FIG. 23 by a
synchronization code inserting interval sync_period 1s coin-
cident with a remainder derived by dividing a value, which 1s
derived by subtracting 2xn+1 from the 1mitial number of bits
of “0”s of a synchronization code, by sync_period, 1.e., when

total_len mod sync_period=(sync_ 0_len—(2x#+1))
mod sync_period

(2)
the number of “1”s (assumed to be nl) 1 output bits of
(sync_ O _len—(2xn+1)) bits from the output bit at that time.
If the number of “1”’s 1s less than (2xn+1) bits, 1.e., 1T n1<2x

n+1, “1”s of (2xn+1-nl) bits are imserted.

As shown 1n FIG. 5, when a synchronization code starting
from “0”’s of a plurality of bits 1s used, 11 the number of “1”’s
in a bit string immediately before the synchronization code 1s
isuificient, a synchronization error detection may occur at
that portion. In order to prevent this, a bit insertion (STUFF 1n
FIG. 20)1nthe last interval of a frame may be outputted so that
the number of bits of “1”s 1n an 1nterval of sync_period bits
from the synchronization code to the synchromization code
iserting position immediately before the synchronization
code 1s equal to or greater than 2xn+1 bits.

In order to do this, a STUFF always containing “1”’s of
2xn+1 bits may be used, or the STUFF may be determined 1n
accordance with an output code string. That 1s, the STUFF
may be determined so that the number of bits of “17s of
sync_period bits immediately before the synchronization
code 1n the output code string containing the STUFF 1s equal
to or greater than 2xn+1 bits.

FIG. 33(b) shows an example of an output code string, for
which such process has been carried out. In the drawing,
intervals 1 through 4denote intervals for counting the afore-
mentioned nl. In each interval, the number of “1”’s nlis
sequentially counted. If nl1<2xn+1, a stulfing bit 1s 1nserted
into the next bit of that interval. Since n=1 1n interval 2,
stulling bits 3311 of (2xn+1)-1=2 bits are inserted nto the
next interval. In interval 3n1=3 due to the inserted stuiling bits
3311, so that 1t 1s not required to msert stuiling bits.

Moreover, 1n order to prevent a synchronization code error
detection 1mmediately before a synchronization code, a
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STUFF 1s determined as follows. It 1s assumed that a bat
immediately before the STUFF 1s 3311. Since the number of
“1”’s 1n an interval (interval 35) of sync_period bits from a
synchronization code inserting position immediately before
the bit 3312 to a synchronization code inserting position
immediately after the bit 3312 1s only 1 bit, an synchroniza-
tion error detection may occur 1n this portion if the synchro-
nization code has a plurality of *“0” continuously arranged as
shown 1n FIG. 5. Therefore, the position, at which the syn-
chronization code 1s 1nserted, 1s shifted to the next synchro-
nization code inserting position, and a STUFF 3313 contain-
ing many “1”’s 1s outputted. Thus, since “1”’s of 2xn+1 or more
are contained 1n an interval (interval 6) of sync_period bits
immediately before the synchronization code, 1t 1s possible to
prevent the synchronization error detection.

If such a bit stulling process 1s carried out, the humming,
distance from the synchronization code canbe 2xn+1 or more
at a portion other than the synchronization code 1n the output
code string, so that the probability of the synchronization
error detection can be decreased.

Processes 1in an output decoding system of a dynamic
image decoding system will be described below. In the bit
remover 1905 of FIG. 24, assuming that the counted value
1905 representative of the number of bits of an mput code
string 1s total_len, and when the total_len meets the condi-
tions 1n which 1t 1s 1, the number of *“1”’s (assumed to be nl)
in mput bits of (sync__ 0 _len-1) bits from the input bit at that
time 1s counted. If no “1” exists, 1.e., 11 n1=0, 1 bit 1s removed.

In order to detect a synchronization code even 1t an error of
n bits 1s mixed into the synchronization code, in a case where
a bit inserting process 1s carried out by the bit inserting unit
1211 so that the humming distance between a portion other
than the synchronization code and the synchronization code
in an output code string 1s equal to or greater than 2xn+1, the
tollowing process may be carried out. When the total_len
reaches a value meeting formula (2), the number of *“1”s
(assumed to be nl) of (sync_ 0 _len—(2xn+1)) bits from the
input bit at that time 1n the output bits 1s counted. When the
number of “1”s 1s less than (2xn+1), 1.e., when nl<(2xn+1),
(2xn+1-n1) bits are removed.

In the output coding unit and the input decoding umit, 1t the
alforementioned processes are carried out so that the synchro-
nization code inserting interval sync_period has a smaller
number of bits than the length of the synchroni-zation code,
the number of bits of the stufling bits STUFF can be
decreased, so that the coding efliciency can be improved. In
particular, when a synchronization code i1s long, or when
many synchronization codes are inserted, the degree of the
enhanced coding efliciency due to the decrease of the number
of bits of the stulling bits STUFF 1s great. For example, 1n a
system for dividing a screen into one or a plurality of macro
blocks or macro block lines to insert synchronization codes
into each unit, such as a GOB/slice 1n a dynamic i1mage
coding, many dynamic image patterns are inserted, so that the
degree of the coding efficiency due to the decrease of the
number of bits of the STUFF 1s increased .

In addition, when a structure having a plurality of layers 1s
multiplexed as shown in FIG. 28, synchronization codes hav-
ing different lengths in accordance with layers may be used.

FI1G. 34(a) shows examples of such synchronization codes.
Among four kinds of synchronization codes, each of SSC,
SEC and PSC has 32 bits, which comprises “0’s of 23 bits, a
“1” of 1 bit and 8 bits representative of the kind of the
synchronization code. On the other hand, a synchronization
code GSC ofa GOB layer1s a synchronization code of 17 bits,
which comprises “0”s of 16 bits and a “1” of 1 bat, and 15 a
shorter code word than other synchromization codes.
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The reason why only the GSC 1s such a shorter code word
1s as follows. The GOB 1s a coded unit, which comprises one
or a plurality of macro blocks (MB) and which 1s formed by
dividing a screen into small regions, so that there are gener-
ally more synchronization codes of the GOB layer than other
synchronization codes. Therefore, 11 the synchroni-zation
code length 1s decreased, the code amount of the output code
string can be decreased. In addition, 1t 1s possible to output
more GSCs 1f the code amount 1s the same, and 1t 1s possible
to divide the screen into small GOB regions for encoding, so
that the quality of a reproduced 1image can be improved when
a transmission line error occurs.

A process for preventing a pseudo synchronization as
described 1n the fourth preferred embodiment, 1.e., a bit stuil-
ing process for preventing the same bit pattern as a synchro-
nization code from being produced 1n a code string other than
the synchronization code, may be carried out. If a bit stuiling
process for decreasing the probability of error detection of a
synchronization code due to a transmission line error, e.g., a
bit stuiling process for preventing the same bit pattern as a
shortest synchronization code (GSC 1n the example of FIG.
34(a)) from being produced 1n a bit string, for which 1t 1s
ensured only that the same bit pattern as a long bit length of
synchronization code (SSC, SEC, PSC 1n the example of FIG.
34(a)) 1s not produced, 1s carried out, it 1s possible to prevent
the same bit patterns as all the synchronization codes from
being produced. This process may be carried out for the code
strings of all the layers, or for code strings of lower layers
(GOB layer, macro block layer in the shown example) than a
layer using the shortest code, or for code strings of layers
(picture layer, GOB layer, macro block layer) below a layer
immediately above that layer. Alternatively, this process may
be carried out only for code strings of a predetermined layer.

In order to easily identily synchronization codes of differ-
ent lengths even 1f a transmission line error occurs, the pro-
cess of a synchronization code or before and after the syn-
chronization code may be carried out as follows.

(1) In a case where a synchronization code comprising a
plurality of bits of “0”’s and the subsequent *“1” 1s used, the
relative positions of a long code word and a short code word

from the synchronization code inserting position of the “1”
may be different. In the example of FIG. 34(d), the 17 3211

of the PSC and the “1” 3412 of the GSC are arranged at
different position, and all of bits (3413 to 3411, 3414 to 3412)
arranged at the same positions 1n other synchronization codes
are “0”. Thus, since the humming distance of the synchroni-
zation code and a partial code string thereof 1s increased, 1t 1s
possible to easily identify different synchronization codes
even 1 a transmission line error occurs.

(1) A stulling bit may be 1nserted before a short synchro-
nization code. For example, 11 a stuiling bit 3401 comprising
one or a plurality of *“1”’s 1s inserted before a short GSC, the
humming distance between the OSC and a partial code string
ol another synchronization code can be increased.

(111) A stuiling bit may be 1nserted after a short synchroni-
zation code. For example, a bit insertion 3402 may be carried
out after a GSC so as to increase the humming distance from
a portion 1dentifying the kind of a synchronization code 1n
long synchronization codes.

FIFITH PREFERRED

EMBODIMENT

The fifth preferred embodiment of the present invention
will be described below.

In this preferred embodiment, the whole constructions of a
dynamic image coding system and a dynamic image decod-
ing system are the same as those in the first preferred embodi-
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ment, except for the processes carried out at the head and end
portions of a synchronization interval by an output coding
unit 200 and an 1mput decoding unmt 800.

FIGS. 27(a), 27(b) and 27(c) are examples of an output
code string 205 of a dynamic 1mage coding system 1n this
preferred embodiment. In this output code string 205, a part
2701 of a code string of the last frame (framen-1) 1s arranged
alter a synchronization code PSC, and a pointer information
2702 (SA) representative of a boundary 2703 (a start point of
a code string of the current frame) between the code string
2701 and the current frame (n frame), 1.e., the boundary
between multiplexed code strings, 1s arranged, so that the
stulling bit (STUFF 1n FIG. 4) does not exist at the last of one
frame. At this point, this output code string 205 1s different
from the output code string of FIG. 4.

In the output coding unit 200 of the dynamic 1mage coding,
system, the number of bits resid_bit of the residual code
strings of the frame 1s checked at each synchronization code
iserting position. When the sum of the resid_bit and the
numbers of bits of a synchronization code, PSC and a pointer
information SA 1s less than synchronization code i1nserting
interval sync_period bits, the synchronization code PSC 1is
outputted before the residual code strings of the frame are
outputted to the output code string 205. Then, the pointer
information SA (representative of the resid_bit in this case) 1s
outputted, and then, the residual code strings 2701 are out-
putted. Thereatiter, the code strings of the next frame are
outputted.

In the mput coding system 800 of the dynamic image
decoding system, a synchronization codes 1s detected at each
of synchronization code 1nserting positions. When the syn-
chronization code 1s detected, 1t 1s determined that the pointer
information SA and the residual information of the frame are
arranged after the detected synchronization code, and the
subsequent process 1s carried out.

For example, the boundary between a frame n-1 and a
frame n 1 FIG. 27 will be described. After the decoding
process immediately before 2704 the synchronization code
PSC 1s completed, a synchronization code 1s detected in the
subsequent synchronization code inserting interval. When the
synchronmization code 1s detected, the pointer information
2702 1s decoded, and 1t 1s derived which bits the code strings
of the frame n-1 have. On the basis of this, the bits of the
number of bits indicated by the pointer information are taken
out of the code string immediately after the pointer informa-
tion (to 2703 1 FIG. 27), and the code string 801 1s outputted
so that these are arranged after 2704.

In this preferred embodiment, the error correction-/detec-
tion coding of a part or all of the output code strings may be
carried out as shown in FIG. 27(a). In this case, all the kinds
of the error correcting/detecting codes may be the same or
different.

In addition, as shown 1n FIG. 27(d), the error correction/
detection coding may not be carried out.

Moreover, as shown 1n FIG. 27(c), the frame length 1nfor-
mation POINTER representative of the number of bits of
code strings of one frame as shown in FIGS. 15 and 16 may be
inserted. In this case, the frame length information POINTER
may be representative of the number of bits from the synchro-
nization code PSC of the frame to a synchromization code
PSC of the next frame.

In a case where the error correction/detection coding 1s
carried out as shown 1n FIG. 27(a), the pointer information
SA, the residual code strings 2701 of the frame n-1, and the
code-strings of the frame n after 2703 are combined to be one
information bit, and the error correction/detection coding of
the combined information bit 1s carried out.
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The pointer information SA may be information, for which
the error correction/detection coding has been carried out. In
this case, the synchronization code PSC (or a part thereot), the
frame length information POINTER and the pointer informa-
tion may be combined to carry out the error correction/detec-
tion coding.

Examples of stuiling bits STUFF will be described below.

FIGS. 30(a) and 30(b) shows examples of code tables of
stu:ﬁng bits STUFF as examples of the atorementioned stutl-
ing bits STUFF. Both of FIGS. 30(a) and 30(d) are charac-
terized 1n that the decoding can be uniformly carried out1n the
backward direction to an output code string, so that the start-
ing position of the stuiling bits STUFF can be uniformly
identified. Theretfore, an error mixed into a code string can be
detected by comparing the decoding end position of a code
string immediately before the stuiling bit STUFF with the
starting position of the stuffing bit STUFF, and the starting
point of the backward decoding can be identified when a
coding system for decoding 1n a backward direction from a
synchronization code 1s used.

Moreover, 1n the stulling bits STUFF shown 1n the code
tables of FIGS. 30(a) and 30(5), the first bit 1s always <07, so
that the error detection can be carried out by a simplified
decoding as described later.

FIG. 31 shows an example of a decoding process of a code
string, which contains the stuffing bits STUFF shown 1n the
code tables of FIGS. 30(a) and 30(b). Although FIG. 31
shows an example of the stulfing bit immediately before the
synchronization code inserting position, the same process can
be carried out by 1nserting a stuiling bit immediately before
another optional synchronization code iserting position. In
FIG. 31, arrows 3101 through 3103 denote examples of
decoding end positions of a code string (indicated by
“xxX ... ") mmediately before the stutling bit STUFF when
the decoding is carried outin a forward direction, and the right
end of each of the arrows indicates the decoding end position.
When no error 1s mixed into a code string and the decoding 1s
normally carried out, the decoding end position of a code
string immediately before the stulling bit STUFF 1s coinci-
dent with the starting position of the stuffing bit STUFF as
shown by the arrow 3101.

On the other hand, when an error 1s mixed into a code
string, the decoding end position of a code string immediately
before the stuifing bit STUFF 1s shifted from the starting
position of the stuiling bit STUFF as shown by the arrows
3102 and 3103. In such a case, 1t 1s determined that an error
ex1sts 1n the code string.

In the decoding system, when the decoding of a code string,
immediately before the stuiling bit STUFF 1s completed, the
stulling bit STUFF before the next synchronization code
iserting position 1s read, and 1t 1s determined whether the
read stulling bit STUFF 1s coincident with the codes in the
code table shown 1n FIGS. 30(a) and 30(d). I the stulling bat
STUEFF 1s not coincident with any codes, 1t 1s determined that
an error exist.

When 1t 1s determined whether the stuifing bit STUFF 1s
comncident with the code table, a small bit error may be
allowable. Thus, 1t 1s possible to decrease the error detection
of an error when an error 1s mixed 1nto the stutfing bit STUFF
itsellf.

The codetable of FI1G. 30(a) always starts from “0”” and has
the subsequent bits of *“1”’s. Therefore, 1n order to carry out
the error detection, it may be determined only whether the
next bit to the decoding end position of the code string imme-
diately before the stuffing bit STUFF 1s “0”, or the error
detection may be carried out only by the first “0” and the

subsequent some “17’s. Thus, although the error detection-
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accuracy 1s slightly lowered, the throughput required to
decoding can be decreased. Thus, in a case where a code table
starting from a specific bit pattern, 1n which all the stuffing
bits STUFF comprise a specific bit or a plurality of bits, 1s
used, the decoding process can be simplified.

Moreover, the stutling bits STUFF shown in the code tables
of FIG. 30(a) and 30(b) contain a lot of bits of 17, and the
humming distances from the synchronization code contain-
ing a lot of “0”’s and a part thereof are great as shown 1n FIG.
5, so that there 1s an advantage in that the probability that a

pseudo synchronization occurs 1s low. Specifically, in the
code table of FIG. 30(a), all of only the first bits of the stulling

bits STUFF are “0”, and all of the other bits are ““0”, so that the
humming distance between the synchronization codes, all of
which are “0”, and a part thereot 1s (the length of the stufling
b1t STUFF 1s —1). In addition, 1n the code table of FI1G. 30(b),
only the first and last bits of the stuiling bits STUFF are “0”,
and all the other bits are “1”, so that the humming distances
from the synchronization code and a part thereof are (the
length of the stuifing bit STUFF 1s —2). Thus, 11 the humming
distances between the stulling bit STUFF, and the synchro-
nization code and a part thereof are selected so as to be greater
than a predetermined value, e.g., (the length of the stulling bit
STUFF -2), so that 1t 1s difficult to produce a pseudo syn-
chronization code even 11 an error 1s mixed into a code string.

Referring to FIG. 32, this effect will be described. FIGS.
32(a-0) and 32(5-0) show examples of code strings when
usual stuifing bits (all the bits are “0”’) and time stulfing bits
STUFF shown 1n the code table of FIG. 30(a) are used, and
FIGS. 32(a-1) and 32(b-1) show examples when an error of 1
bit 1s mixed 1n FIGS. 32(a-0) and 32(5-0), respectively. As
can be seen from FIG. 32(a-1), 11 only an error of 1 bit 1s
mixed into the usual stulling bits wherein all the bits are <07,
the same bit pattern as the synchronization code 1s produced
as shown by the broken line 1n FIG. 32(a-1), so that a pseudo
synchronization occurs. On the other hand, the stulfing bit
STUFF representative of the code table of FIG. 30(d) 1s not
the same pattern as the synchronization code even 1f an error
1s mixed as shown i FIG. 32(b-2), so that no pseudo syn-
chronization occurs.

Thus, the stuffing bit i this preferred embodiment has
advantages 1n that it 1s possible to easily detect an error of a
code string, and 1t 1s difficult to produce a pseudo synchroni-
zation code even 11 an error 1s mixed 1nto a code string, so that
it 15 possible to provide a strong error resistance.

In addition, the stuiling bit 1n this preferred embodiment
can uniformly decode 1n the backward direction, and 1dentily
the starting position thereol, 1.¢., the end position of a code
string immediately before the stutfing bit STUFF. Therefore,
alter the coding, by which an information code string can
decoded 1n both of forward and backward directions, 1s car-
ried out, the code string immediately before the STUFF can
be decoded 1n the backward direction as shown by the arrow
3104 1n FIG. 31.

In the aforementioned preferred embodiment, the stuiling
bit STUFF may be determined as follows.

(1) In a case where a synchronization code contains “0”’s of
sync__ 0 _len bits as shown 1n FIG. 5, 11 all the bits of the
stulling bits STUFF or at least at the sychronization code
iserting positions are set to be “17, the humming distances
between the portions of “0” of the synchronization code and
the stuiling bits STUFF can be increased. Therefore, 1t 1s
possible to decrease the probability that an error 1s mixed 1nto
the stulling bits STUFF to produce a pseudo synchronization.

(2) The stutling bit STUFF may be a code word represen-
tative of the length thereof. In the decoding system, the length
of the STUFF from the point, at which the decoding of a code
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string other than the stufling bit STUFF 1s completed, 1s
determined, and the decoding of the STUFF 1s decoded to
decode the length information of the STUFF. In this case, 1f
both are coincident with each other, 1t can be determined that
an error 15 mixed 1nto the code string.

In addition, the length of the code string of the stulling bits
STUFF may be indicated by binary numbers. For example, 11
the STUFFs are 5 bits, “5” may be indicated by binary num-
bers so as to be “00101”. Alternatively, a value derived by
taking a complement of “1”” or *“2” from a value indicated by
binary numbers may be used as a code word of the stuiling
bits STUFF. Thus, the number of bits of “0”’s 1n the STUFFs
1s decreased, so that 1t 1s possible to inhibit a pseudo synchro-
nization from occurring similar to the aforementioned (1).

(3) In a case where the coding 1s carried out using a code
word which can be decoded 1n both of forward and backward
directions, 1t 1s required to decode the stuiling bits STUFFs 1n
the backward direction from the end point of the frame 1n the
decoding system, to find the starting point (the boundary
point between the STUFF and another code word). In such a
case, the STUFFs may be determined so as to be a code word,
which starts from “0”(s) of 1 bit or a plurality of bits and has
the residuals of “17’s, such as “O1111111”. Thus, if the
STUFFs are decoded 1n the backward direction to seek the
position ol “0”, 1t can be uniformly determined that the sought
position 1s the starting point of the STUFFs. In addition, in
this example, the bits other than the initial portion of the
stulling bits STUFFs are “17, so that 1t 1s possible to decrease
the probability that a pseudo synchronization occurs similar
to the atorementioned (1).

(4) The stulfing bit STUFF may be a check bit, a parity
check bit or the like for an err or correcting/detecting code of
a part or all of bits of an output code string. Thus, the error
correction/detection of a bit error mixed nto an output code
string can be carried out.

As described 1n the above examples, stulling bits STUFFs
are produced 1n accordance with a predetermined rule, and
the stulling bits STUFFs 1n an 1mnput code string are checked
with the producing rule 1n a decoding system. If 1t 1s deter-
mined that the stuiling bits STUFFs are against the producing
rule, 1t can be determined that an error 1s mixed into the input
code string. Thus, i a process for preventing a reproduced
image from being greatly deteriorated i1s carried out 1n a
dynamic 1image decoding system, it 1s possible to improve the
quality of a reproduced image when an error 1s mixed 1nto the
input code string.

Moreover, 1n the alforementioned preferred embodiment,
the synchronization code iserting interval sync_period may
be determined as follows.

(1) In a case where an error correcting/detecting code 1s
used, a synchronization code inserting interval sync_period
may be greater than the minimum number of bits required to
carry out the synchronization detection by means of a decod-
ing system, 1.e., the sum of the length of a synchronization
code and the maximum value of a check bit for an error
correcting/detecting code. Since the mean value of the num-
bers of bits of the last stutfing bits STUFFs of a frame 1s
sync_period/2, it the sync_period has the minimum baits, by
which the synchronization detection can be carried out, it 1s
possible to decrease the number of bits of the stulling bits
STUFFs to improve the coding efficiency.

(2) In a case where no error correcting/detecting code 1s
used, a synchronization code inserting interval sync_period
may be greater than the minimum number of bits required to
carry out the synchronization detection by means of a decod-
ing system, 1.¢., the length of a synchronization code. Since
the mean value of the numbers of bits of the last stuifing bits
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STUFFs of a frame 1s sync_period/2, i the sync_period has
the mimimum bits, by which the synchronization detection
can be carried out, 1t 1s possible to decrease the number of bits
of the stutling bits STUFFs to improve the coding efficiency.

(3) In a case where a frame length information POINTER
1s used as shown in FIGS. 15, 16,17 and 27, a synchronization
code mserting interval sync_period may be shorter than the
length of a synchronization code. Thus, it 1s possible to
decrease the number of bits of the stutfing bits STUFFs to
improve the coding elliciency.

(4) In a case where the transmission/storage 1s carried out
by dividing 1nto packets or cells at intervals determined 1n a
transmission line or a storage medium, a synchronization
code inserting interval sync_period may be matched with the
interval of the packets or cells, or a divisor thereof. Thus,
since the head of the packets or cells 1s always arranged at the
synchronization code inserting position, 1t 1s possible to
detect a synchronization code even 1f a packet or cell 1s
produced due to packet loss or cell loss.

(5) The synchromization code inserting interval sync_pe-
riod is preferably shorter than the required minimum number
of bits of a frame. Thus, it 1s possible to decrease the number
of bits of the stuiling bits STUFFs to improve the coding
elficiency.

SIXTH PREFERRED EMBODIMENT

The sixth preferred embodiment of the present invention
will be described.

FIG. 35 shows examples of output code strings of a
dynamic image coding system 1n this preferred embodiment.
In these output code strings, 1n order to decrease the prob-
ability of the error detection of a synchronization code due to
errors, the bit inserting process as described 1n the aforemen-
tioned preferred embodiments 1s carried out. In addition,
information, such as heater information, 1s arranged at pre-
determined positions, or at predetermined positions based on
a synchronization code.

FI1G. 35(a) 1s a code string before a bit inserting process 1s
carried out, and FI1G. 35(b) 1s a code string after a bit inserting
process 1s carried out. In the drawings, each of the portions
3201, 3202,3261 and 3262 shown by the slanting lines shows
information arranged at the predetermined position (the pre-
determined position based on a synchronization code), and
cach of void arrows 3211 and 3212 indicates the position, into
which the information 1s 1inserted. The information 3261 and
information 3262 of the code string 1n FI1G. 35(b) corresponds
to the information 3201 and information 3202 of the code
string 1n FIG. 35(a), respectively. In some cases, when the
code string (a) 1s transformed to the code string (b), these
information may be transformed (1.e., the transformation
from information 3201 to information 3261 and the transior-
mation from information 3202 to information 3262).

In FIG. 35(b), 3203 denotes a bit inserted by the bit insert-
ing process. Since the bit string subsequently to the mserted
bit 1s shifted backward by the bit inserting process, a partof a
code string immediately before the information to be mserted
at a predetermined position 1s shifted so that the information
1s 1nserted at the predetermined position. For example,
assuming that the total of the numbers of 1nserted bits from
the synchronization code 32035 immediately betfore the infor-
mation 3201 1s Ns1, Ns1 bits indicated by sign 3221 1n FIG.
35(a) immediately belfore the information 3201 may be
shifted to the portion of sign 3231 in FIG. 35(b) immediately
after the mnformation 3201.

If information such as a pointer representative of a specific
position 1n a code string 1s contained in immformation 3201
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and/or 3202, this may be transformed. Specifically, for
example, 1 information representative of the position 1ndi-
cated by arrow 3241 1s contained 1n information 3201, the
information representative of the position in information
3261 1s transformed so as to indicate the position representa-

tive of arrow 3251 after the position by the number Ns1 of the
inserted bits.

The mvention claimed 1s:

1. A decoding method, comprising:

decoding an input code string, the input code string having,
a synchronization code inserted at one of a plurality of
predetermined periodic synchronization code inserting
positions and having a stulfing code capable of being
uniquely decoded 1n a backward direction; and

comparing a decoding end position of a code string posi-
tioned immediately before the stulling code with a start
position of the stulfing code to detect an error 1n the input
code string, the decoding end position of a code string
being identified by decoding the code strmg in a forward
direction, and the start position of the stutling code being
identified by decoding the stuifing code 1n the backward
direction.

2. A decoding method, comprising:

detecting a synchronization code at a plurality of predeter-
mined periodic synchronization code inserting positions
in an input code string, the input code string having a
multiplexed code string obtained by multiplexing a plu-
rahty of vaniable length code strings and having a stuil-
ing code capable of being uniquely decoded 1n a back-
ward direction, each of the plurality of variable length
code strings being generated by compressing and coding,
an 1mage signal;

demultiplexing the multiplexed code string 1n the input
code string based on a position of the detected synchro-
nization code to generate the variable length code;

decoding the generated variable length code to output a
reproduced 1mage signal; and

detecting an error 1n the input code string by decoding the
input code string and comparing a decoding end position
of a code string positioned immediately before the stuil-
ing code with a start position of the stulling code, the
decoding end position of a code string being 1dentified
by decoding the code strmg in a forward direction, and
the start position of the stulling code being 1dentified by
decoding the stuiling code 1n the backward direction.

3. A decoder, comprising:

a decoding unit configured to decode an input code string,
the input code string having a synchronization code
inserted at one of a plurality of predetermined periodic
synchronization code inserting positions and having a
stuffing code capable of being uniquely decoded 1 a
backward direction; and

an error detector configured to detect an error in the input
code string by comparing a decoding end position of a
code string positioned immediately before the stulling
code with a start position of the stuiling code, the decod-
ing end position of a code string being i1dentified by
decoding the code string 1n a forward direction, and the
start position of the stulling code being i1dentified by
decoding the stuiling code 1n the backward direction.

4. The decoder according to claim 3,

wherein the stulfing code 1s mnserted immediately before
one of the plurality of synchronization code 1nserting
positions.
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5. The decoder according to claim 3,

wherein the stuffing code has a Hamming distance between
the synchronization code and a portion of the synchro-
nization code, the Hamming distance being a predeter-
mined value or more.

6. A decoder, comprising:

a synchronization code decoding unit configured to detect
a synchronization code at a plurality of predetermined
periodic synchronization code inserting positions in an
input code string, the mput code string having a multi-
plexed code string obtained by multiplexing a plurality
of variable length code strings and having a stuifing code
capable of being uniquely decoded 1n a backward direc-
tion, each of the plurality of variable length code strings
being generated by compressing and coding an image
signal;

a demultiplexer configured to demultiplex the multiplexed
code string in the mput code string based on a position of
the detected synchronization code to generate the vari-
able length code;

a variable length decoding unit configured to decode the
generated variable length code to output a reproduced
image signal;

an mput code string decoding unit configured to decode the
input code string; and

an error detector configured to detect an error 1n the input
code string by comparing a decoding end position of a
code string positioned immediately before the stutling
code with a start position of the stuifing code, the decod-
ing end position of a code string being 1dentified by
decoding the code string 1n a forward direction, and the
start position of the stulfing code being i1dentified by
decoding the stuifing code 1n the backward direction.

7. The decoder according to claim 6,

wherein the multiplexed code string 1s generated by mul-
tiplexing the variable length codes in units that are each
a frame of the 1image signal; and

the demultiplexer demultiplexes the multiplexed code
string 1n units that are each a frame.
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8. The decoder according to claim 6,

wherein the multiplexed code string 1s generated by mul-
tiplexing the variable length codes 1n units that are each
a partial area 1n a frame of the image signal; and

the demultiplexer demultiplexes the multiplexed code
string in units that are each a partial area in the frame.

9. The decoder according to claim 6,

wherein the multiplexed code string 1s generated by mul-
tiplexing the variable length codes 1n units that are each
a frame of the image signal;

the synchromization code detector detects the synchroniza-
tion code at the synchronization code inserting position
positioned immediately before or after an end portion 1n
cach multiplexed unit multiplexed in units that are each
a frame of the multiplexed code string; and

the demultiplexer demultiplexes the multiplexed code
string 1n units that are each a frame.

10. The decoder according to claim 6,

wherein the multiplexed code string 1s generated by mul-
tiplexing the variable length codes 1n units that are each
a partial area 1n a frame of the image signal;

the synchromization code detector detects the synchroniza-
tion code at the synchronization code inserting position
positioned immediately before or after an end portion in
cach multiplexed unit multiplexed in units that are each
a partial area in the frame of the multiplexed code string;
and

the demultiplexer demultiplexes the multiplexed code
string 1n units that are each a partial area 1n the frame.

11. The decoder according to claim 6, further comprising;:

a code string converter configured to deconvert a code
string, when 1t 1s not the synchronization code and 1s
positioned 1n the synchromization code inserting posi-
tion in the output string and 1s converted to set a Ham-
ming distance from the synchronization code to be a
predetermined value or more, mto an original code
string.



	Front Page
	Drawings
	Specification
	Claims

